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^jxZx + ZP — Fx cos. ^xZP^ , hence, the azimuth xZP fiom the north is 
known. 

Ex. Given ithe lat. 34°. 55' N. sun’s dechnation 22°. 22'. 57 " N, and tiue al- 
titude 36°. 59'. 39", to find the apparent time. Here, ZP — 55°. 5', Zx—5S°, 
O'. 21", PiP=67°. 37'. 3"; hence, 

Px=:&l°. 37'. 3" aiith. comp, of sine 0,034019 
ZPz=.55. 5. O aiith. comp, of sine 0,086193 
Zx-53. O. 21 


Sum 175. 42. 24. 

j Sum 87. 51. 12 sine 
Zx = 5S. 0. 21 

Dif. 34. 50. 51 sine 


9.999694 


9.756932 


2)19.876838 • 

9.938419 the cosine of* 

29°. 47'. 44" half the angle ZPx, ZPx—59P, 35'. 28", which reduced into 
time gives S/i. 58'. 22" the time from appaient noon. 

93. If the error in altitude be given, we may thus find the eiroi in time. 
Let mn be parallel to tire horizon, and nx repiesent the eiior in altitude , then 
•as the calculation of the time is made upon supposition that there is no eiroi' 
in the declination, we must suppose the body to be at m instead of x, and con- 
seg^nently the angle mPx, or the aic g'r, measures the error in time. 

M<mm ^ : rad. , , 

xm qr cos. rx ■ rad. (13). 

hence, nx • qr: sin. timxx cos. rx . ia,d.’'.\qr=nxx — — ; bnl 

sin. nmx x cos. rx 

ZxP = nmx., nxm being the complement of both j also sin. ZxP, or nmx sin. 
ZP ■: sin. xZP sin. xP, or cos. ra7,.\sin. nmx x cos. ra=zsin. ZP x sin. xZP ; 
, rad. ‘ rad. 

hence, qr = nxx i5n2ZV7iS:SZF.=“ c“)at. x sm. a 7 ,i.- Hence, ll.e 
eiror is least on the prime veitical. All altitudes theiefore to deduce the time 
fiom, ought to be tahen on, or as near to, the prime vertical as possible. In 

lat. 52°. 12', if the error in alt, at an azi. 44°. 22' be 1', dien qrz=z\' x — 

^ , 612 X, 699 

=2',334 of a degree=9",336 in time. 

Hence, the perpendicular fiscent of a body is quickest when it is on the 
piime vertical, for nx vanes as sin. azi. when qr and the lat. are given. 

94. Given the latitude of tlie place and the sun’s declination, to find the 
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time when twilight begins. Twihght is here supposed to begin when the sub 
is 18° below the hoiizon , hence draw the circle ki/k paiallel to the,hoiizon and 
18° below it, and twilight will begin wh en the sun comes to y, ai/d Z7/ =108° ; 
hence, sin. yP x sin. 2P . lad.* sin. x PZ + Pij + 108 x sin. J x PZ ^ 1 y — 
To 8^ cosTJyP^, liQnceyPZ is known, which conveited into time gives the 
time from apparent noon. 

95. To find the time when the apparent diurnal motion of a fixed stai is 
peipendicular to the horizon. Let you be the parallel desciibed by the star ; 
draw the Vertical circle Zh touching it at o, and when the star comes to o its 
motion IS peipendicular to the honzon j and as the angle ZoP is a light one, 
wc have, (Trig. Art. 212.) rad. ‘ tan. oJP cot. PZ . cos. ZPo, that is, rad. . 
cot. dec. tan. lat. . cos. ZPo, which converted into time (Tab. 1.) gives the 
time from the stai’s being on tlie meridian. Hence, the time of the stai’s 

’ coming to the mendian being found by Ait. 105. the time lequiied will be 
known. 

96. To find the time of the shortest twilight. Let ab be the paiallel of tlie 

sun’s decimation at tlie time required, draw cd indefinitely near and paiallel to 
it, and TfTa parallel to the hoiizon 18° below it; then vPtsi, sPl measuic the 
tmhght on each paiallel of declination, and when the twilight is shortest, the 
increment of the hour angle beings=0, these must be equal , hence, vPr==wPs, 
therefore ; and as rs=tz, and the angles r and are light ones, rvss= 

mt; but PBrs=90°=Zn^, take Zkr from both, and PvZ=rvs; foi the same 
reason hence, PvZzzPwZ. Take wc=wZ=90% tlicn as Pv=. 

Piio, and the angle Pve=PwZy therefore Pe=PZ', let fall the pcrpendicuUu- 

. ^ ' _ cos. Pv 

Py and it will bisect the base eZ. Then (Trig. Art. 212.) cos. Py — — 


cos. Pv cos. Pe cos. PZ - co s. Pv cos. PZ 

also, cos. P^/*=co8. ^^/“"cos. ey* sin. ey~~ cos. <?/ ” 

Pv, or sin. Aw,=cos. PZx ^^-^=cos. PZx tan. ey, hcncc,iad. cos. PZ, 

or sin. lat. f.tan. ey=^° sin. hv the sun’s declination at the time of shortest 
twilight. Because PZis always less than 90°, and Zy=9°, thcrcfoie J'y is al- 
ways less than 90°, and therefore its cosine is positive , also, vy is always gi cater 
than 90°, therefore its cosine is negative ; hence, cos. Pv (=;cos. Py x cos. vy) 
IS negative, consequently Pv is greater than 90°, theiefore the sun’s declination 
IS south.' This is M. Cagnoxi’s Investigation. 

9*7. To find the length of the shortest twilight. As wPZ—vPe, therefore 
ZPe=vPzv measuring the shortest time. Now sin. P2^, or cos. lat. rad. •; 
sm. Zy =9° sin ZPy, which doubled gives ZPe,ox vPw, which converted inta 
tune gives the length of liie shortest twilight.. 
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Ex. To find the time of the year at Cambiidge, when the twilight is short- 
est ; and tlie length of that twilight. 


Had. - . _ 
Sin. 52°. 12'. 35" 
Tan. 9°. - . 


10,0000000 

9,8977695 

9,1997125 


Sin. 7°. 11'. 25" dec. 


9,0974820 


This declination of the sun gives the time about Maich 2, and October 11. 


Cos. 52°. 12'. 35' 
Sin. 9° . . 

Rad. . „ . 


0,2127004 ^.a 
9,1943324 
10,0000000 


Sin. 14°. 47'. 27" 


9,4070328 


The double of this gives 29°. 34'. 54", which converted into time gives Ih. 
58 . 20 for the duration of the shortest twilight, it being supposed to end when 
the sun is 18° below the horizon. 


98. To find the sun’s declination when it is just twilight all night Heie the 

sun at a must be 18° below the hoiizon , hence, l8° + dec. Qa = RQ — EH— 
comp, of lat. of place, and the sun’s dec. = comp. Iat.-I8°j look theiefbrc 
into the Nautical Almanac, and see on what days the sun has this declination, 
and you have the time re<[uired. The sun’s greatest declination being 23°. 28', 
it follows, that if the complement of latitude be gicater tliaij 41°. 28', oi if tlie 
latitude be less than 48°. 32 ' i miw be twilight all night. If the sun 

be on the other side of the equatoi, then its dec. := 1 8°. - comp lat. 

99. If the spectator be between E and L, and the sun’s declination Ee be 
greater than EZ, then the sun comes to tlie meridian at e to the noi ih of its 
zenith ; and if we draw the secondary Zqm touching the parallel ae of declina- 
tion described by the sun, then Em is the greatest azimuth from the north 
which the sun has tliat day, the azimuth increasing till the sun comes to q, and 
then decreasing again, and the sun has the same azimuth twice in the morn- 
ing. If therefore we draw the straight line Zv perpendicular to the hoiizon, 
the shadow of this line, being always opposite to the sun, would first iccede 
from the south point H and then approach it again in the moining, and tliere- 
fore would go backwards upon the horizon. But if we consider PE as a 
straight line, or the earth’s axis produced, the shadow of that hne would not 
go backwards upon that plane, ‘because the sun always continues to revolve 
about that line, and therefore its shadow must always go foiwaids ; whereas 
the sun does not revolve about the perpendicular Eu. Hence it appears, that 
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a^th found .o» a^hf 

angled tiiangle PqZ, by saying, lad. tan. qP '. cot. PZ . cos. q, 
cof dec •• tan. lat. : cos. PZq the hour angle fiom apparent noon. 

loo It has hithato been supposed, tliat it is 12 o^clock ^ren the sun comen 
to the meridian, and that the clock goes just 24 hours in the inteival of the 
run^passage fr^n any meiidian till it returns to it again. But if a clock be 
thus aVsted for one day, it will not continue to sliow 12 « clock every da> 
^hen the sun comes to the memhan, because the intervals ^ tunc from the 
Jn’s leaving any mciidiaii tiU it ictuins to it again, arc not always eqiuil ; this 
difference between the snn and the clock is called thtEquaUon oj I me, as 
She explained in Chap. IV. Hence, when the clock does not agree with 
the sun, any arc u-e is not tlie mea.suic of the tunc from 12 o clock, ^but from, 
the time wheE the sun comes to the mciidian, oi fiom ejywetit noon . 

101 In the same mennet as we find the hont angle for the sun wo may also 
find It for any fined star or planet, its attitude and deohnahon being given i 
w whenthehoui angle is thus found, it is necessaiy to know Uie timo when 
the body is upon the mendiiin m order to find Iho bmo fiom thence, the hour 
Isle bimg the dirtanoe ftom the meridian ; also the method of reducing the 
W angle into lime will be ditoent For let E be die earth, rmsn the eqiia. 
tor .IT a meiidian passing through a fixed stai S rcducod to the equator ; tlien 
as the mendianretamsto the star in 2Sfi. 56'. 4'' otter leaving it (127). wo 
have 860' : hour angle" 3th. 56'. t" : tune ftom die meiidian. Now lot I be 
a planet, and the meiidian «» to pass thio'ugh iti dien the meiidian will le- 
tum to that position agam in 33L 56. 4", now let 7>n oi Pv bo tlio planet s 
motion in ri^t maamsm. in one day, according as im motion is direct o. le- 
Zrwie, a^l tedoce th» into time (0 at the rate of 15" for an hour, wind, 
wdl^anffioiently exact for so small an aic, then the mcnihan letnros to d.o 
planet agmn after an interval ef 3tlu 56'. e'if; hence, die mondial., alter 
leaving die planet, approaches it at the rate of dial time for 360 . 
when the mendian leaves fte planet it is then approaching a point 860 fiom 
It , hence, 360' : hour angle • . 3th, 56', 4" ± t : time ftom the mendian. 

• The at Ihe hmi «iih mw ome for 111. sim « the r«. et W fcr oi hem, by a fla^ 

1 i.aatlcaaiata. l)«.awthasaUrai,.arew.tiaiaaau«tely a<i.uUa2* 

«nt pool), 8iy, 3<50? Iwvii wigle {(P) ±.6’ X 24/*. ± e , for, in this case, the inei i 

i ton,! oif rettiTiuna to the san in 24/i returns to it m 2 l/h 3= a This quantity e is <«rt«,tnn<» 

A doch IS adjusted tu soW time. 

»h(tt It IS aAlti^ted to go 24 houxs «i a mean solar day Ste At f . 127 . 
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102. Tlie hour angle which ^¥C have hitherto found for the time at which a 
body rises, has been upon supposition that the body is upon the rational hoiizon 
at the instaat it appeals ; bat all bodies in the hoiizon aie elevated by refiac- 
tion 33' above their true places ; this theiefoie would make them appear when 
they aie 3S' below the rational horizon, or 90°-y 33' from the zenith j also, all 
the bodies in oui system aie depressed below their true places by parallax, as 
will be afterwai-ds explained, tlierefoie from this cause they would not appear 
till they were elevated above the rational horizon by a quantity equal to then ho- 
rizontal parallax, or when distant from the zenith 90° -hoi. par. Hence, from 
both causes together, a body becomes visible when its distance Zk from le 
zenith = 90° + 33' -hor. par. V being the place of the body when it becomes 
visible, Z the zenith and P the pole , hence, knowing ZFi also ZP the com- 
plement of latitude and FFthe complement of dechnation, we can fod the 
hour angle ZPV. A fixed stai has no paiallRX, therefore ZV-90 . 33. 

103. If the body sensibly alter its declination in a few horns, as the moon 
does, the time of its rising may be thus found. Let rc be the place of the 
moon on the meridian, v when in the horizon, and d the point when it becomes 
visible , draw ade parallel to EQ, and ew is tlie change of declination ip the 
time fiom using to the meridiam Now from knowing the time (105) of pass- 
ing- the meridian, and the declination at noon, with the change of declination 
m'the interval of the passages of the moon over the meiidian by the Nautical 
Almanac, compute the change of declination in the interval between noon 
and the time of the moon’s transit, and you will get the moon’s declination at 
the time of its transit. To that dechnation compute the hour angle upon sup- 
position that ihue dechnation continued the same a>s on the meridian, which will 
be nearly the'* angle wPd. Almanac tod the* change (y) of 

declination in the interval (/) of time fiomthe moon’s passage over the meri- 
dian till It returns to it again •, then say, 360° hour angle • rj . the change of 
declination in describing that angle, which added to or subtracted fiom the de- 
clination at the time of passing the meridian gives very nearly the declination 
at iisino- ; to which compute the hour angle and convert it into time as before 
and subtract it from the time of passing the meridian, and it gives very nearly 
the time of nsing , and if greater accuiacy should be required, the operation 
may be repeated by taking this hour angle. 

Ex. To find at what tune the moon rose at Greenwich on July 1, 1767. 
The'latitude'of Greenwich is 51° 28'. 40", and (105) the moon passed the me- 
ridian at 4/i. 2'. 9", now ^=24/;. 40', and u = 5° 28'; hence, 24A. 40' • 4/i. 2'. 
9" 5°. 28' . 53'. 38" the change of declination in 4/?. 2'. 9", which, as the de- 

clination IS decreasmg, subtracted from 5°. 22', the moon s north declinatiom 
at noon, leaves 4°. 28'. 22" for the moon’s declination when it was on the me- 
iidian , hence we take Pd=.85°. 31'. 38", also PZ=38 . 31 . 20 , and as the* 
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moon’s hor paraUax=54'. 21", and refaction ^ave ^=89«. 38 S^, 

hence the angle ZPd^9^. S'. SO". Hence, S60 : 93 . 3. .0 • 28 J * 

26' SY" the change of dechnation in the time of descubmg 95 . 3. jO , which 
added to 4°. 28'. 22" gives 5°. 54'. 59" foi the dechnation at 
veiy neaily, hence, P^/=84°. S', l", therefore the angle f * 

hence 360° 96°. 54'. 2": 24/i. 40' . 6h. 38'. 22" the tune of descubmg the 

ingle iprf, which subtracted from 4h. 2'. 9", the time when ^ 
the meiidian, gives the time at rising 2lL 23'. 47 , answering to 9/1. 23. 47 

“ for«r„g when anybody riaea, o. when .tisat any hnown 

atolui o” poathon, it haa been aupposed flat we know the time at which it 
comes to th^ meridian, the determination of this ciicumstance must thciefore 

^^loT*^Lefl clock be adjusted to mean solar time, which we may thcicforc 
consider as the time from the sun’s leaving the meudian till it ictunis to i 
aaain where great accuiacy is not requiied, the dilleiencc being only the vau- 
afon’ol the elation of time in 24 houis. Let 5 and P bo the places of he 
sun and a planet reduced to the equator , then the mciid.an ^ the 

sun at the late ot 15° in an hour; foi when it leaves the sun at S it may be 
considered as approaching apoint at that time 360° fiom it 
up to in 24 horns; hence if any other point were moinng forwards witi the ve, 
loaty of the sun, the meridian would approach itat the same i ate. J^hcielore 
if the planet at P move forwards with a different velocity fiom that of the sun, 
the intLval of their passages over any meridian will be the same as if sup. 
posed the sun to be at rest and the planet to move with its own piopei mo 
mnus that of the sun, the planet’s motion in right ascension being greater 
than that of sup. Let 4? be the difference of their moUons in light ascen- 
sion in 24 bouts reduced into time, and #-SP reduced also into time in like 
manner, the planet being at P at the time the meudian passes through the sun 
at S and let v be the place of the planet when the meudian oveitakes it, 
and e be the aic Pv in time, then the motions of the meridian will be 24 and 
#4 e and of the planet in the same times a? and e, hence, as we may consider 

’ . tX. rpL,„ J. 

each motion as uniform, 24 • x’.. t + e .e, .\24i-x :x t: 

the case if the planet’s motion be greater than the sun’s, but if the sun’s be 
greater, then a? itself becomes negative, and therefore-^? will be positive; 


tx 




therefore #+e = ^± 


'.X 


the time from apparent 


24 + d7 24 4 - 24-, — 

noon when the planet passes the mendian, where the upper or lower sign 

prevails according as the planet’s or sun’s motion iS greatest. 

of the planet in right ascension be retiograde, it is manifest that .r is the 
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mm of the motions of the planet and 3un in 24; hours, for the bodies moving 
in opposite directions they approach each othei with the sum of then motions, 
let therefoic v' be the place of the planet when it comes to the meridian, 
then the motion of the meridian fiom its passage thiough the sun to the 
planet will be t-e; hence 24.^ t-e e, therefore 24 + a::^; t . e=. 

— ^L_; hence, the time lequired z=.t— "V division 

24 + .r 24 + ^ 24 + ,r 

by 24q:jr IS not so convenient as it would be by 24, therefore lesolve 

into ^ ± — ±<^’C. where the two first terms will be sufficient for all 

24 24 24‘ 

cases except the moon, where it will be necessary to take tire thud. For a fixed 
star, X will represent the increase of the sun’s right ascension in 24 hours, and the 


time reouiied . By this method we find, very neaily, the 

^ 24 + 0? 24 

time at which any body comes to the meridian, and hence, by the last ar- 
ticles, we may find the time of its using, or the time at any given altitude. 
Ex. To find the time of the moon’s passage over the meridian at Green- 


wich on July 1, 1767. The sun’s AR.* when on the mendian that day 
was 6h. 40'. 25", and its daily increase 4'. 48"; also, the moon’s AR. was 
lOh. 36', 8", and its daily increase 42'. 28". Hence, fzzlOh. 36'. 8" — 6//. 40'. 25" 
= 3//. 55'. 43 " = 3,9285 (Tab. 3.), also, a? = 42'. 28"- 4' 48" = 37'. 40" = 0,6277; 


hence, — = 6'. 10", 
24 


^- = 10"; therefore ?+— + ^ =4^. 2'. 3" the appa- 
24‘ 24 24‘ _ 


rent time of passing the meridian. 

Where great accuracy of time is required from an observed altitude, the 
body made use of must be die sun or a. fixed star. The method of finding the 
time by the sun has been already explained (92), and the time by a star may 
be found by the following method. 

106. Find the star’s true altitude, and take its decimation from the 7th of 
the Requisite TaWes, or from any other tables if it be not theie; then in the 
tiiangle ZPx (■*’ representing the place of the star) we have ZP the comple- 
ment of latitude, Px the complement of declination and Zx the complement 
of the star’s altitude, to find the angle ZPx, the star’s distance from the 
meridian, which conveit into time. Now the point of the equator which is 
upon the meridian at any time, is called the mtcl-heaven,- therefore the angle ZPx 
measures the star’s distance from the mid-heaven. Hence, if the star be to 
the east of the meridian, subtract its distance from the meridian from its AR. 
(adding, if necessaiy, 24 hours to its AR.) and the difference is the AR.. 
of the mid-heaven; But if the star be to the 'tcest, add them together (subr- 
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tracting 24 hours fiom the sum, if greater,) and the sum gives the Jit. of the 
mtd-heaven*. Then find the sun’s JE at the pieceding noon at Giccnwich 
fiom the Nautical Almanac, and from thence at noon at the given place by 
the 23d of the Requisite Tables, and subtract it from tlie'^R. of the niid- 
heaven (adding 24 houis to the latteit, if necessary), and the difference would 
be the apparent time from the pieceding noon, or tlie estimate time, if the 
sun had had no motion m that time , but as it has moved, find that mo- 
tion by the 2Sd of the Requisite Tables, and subtract it, and it gives the 
Of parent time lequiied. — Hence, if we apply the equation of tunc it gives tlic 
true time, which compared with the watch, shows how much it is too fast or 
too slow, and by repeating the observations, the rate of going of the watch 
may be determined ; but this will be further explained in Chap. IV. 

Ex. On Apiil 14f 1780, Jat. 48° 56'. N. Ion. 66°. W. the tiuc altitude 
of Aldebaian west of the meiidian was 22°. 17'. 50", to find the appaicnt 
time. 

Sun’s JR. for noon at Greenwich by the Nautical Almanac l/i. 31'. l" 

Coriected for the Long, by the 28d of the Requisite Tables $ +41 

Sun’s AB. at noon at the given place .. - - ■« • - - - l.Sl.42 


Also by Requisite Table 7. tlie star’s dec. is 16°. S' N. Hence 2rP=4l*. 
4', Zr=67°. 42'. 10", j:P= 73°. 57', hence by sph. trig. 

5 Px = 73°. 57'. O" arith. comp# of sine 0.017S04 
ZP =: 41 . 4. 0 arith, comp, of sine 0.182476 
Zx = 67 . 42. 10 

sz 182 . 43 . 10 

m 

* That thw 11 . true fix wery position of the point ar«s and place of the star, may be thus 
slwwn Let represent the equator, E the point on the meridian, ‘V, v', v", different positions 
of the point aiies, m respect to the place A, A' of the star lefcrred to the equator, A on tlie western 
side of the meridian, and A' on the eastern, B the point to which the sun is referred, <rEB2 the 
direction m which t^e right ascenmon is measured Now suppose the star at A', t» the east of the 
meridian, then, X, 3 v"^'— «V>"£=— S4A + r" SE, <v>M+24A.— 

A'B:=,v^8E. Now suppose the star at on the west side, then 1, ‘V’jl+^Err'rE 2. «y''liij4+ 

AM-~Mkzt.tt>''BA+Av'+^’E—^ih =<Y’'E, because <r^ASlA+Av'=^h. 

tFor,l <C"E=E®E 2 «^E+ 24 ;i —' yB='Y'E+E^E+ESB—vB=:E 2E, be- 

cause 

$ The daily yariation of the sun’s AR, with which you enter the Requisite Tables, is taken from 
the Nautical Almanac 
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I Sum = 91 . 21 . 35 sine 9.999874 

Zx - 67 . 42 . 10 

Dlf. =; 23 . 39 . 25 Sine ----- 9.603425 

2)19.803079 


9 901539 the cosine of 

87°. 8'. 29", hence the angle xTZ (oi m fig. 15. the arc AE) =74°. 16'. 58"^ 
01 in time = 4/i. 57'. 8"; hence, 


Star west of mend. - 4ih. 57'. 8" 

Star’s JJl. by Req Tab. 7. 4 . 23. 20 

AR. of mid-heaven - 9 . 20. 28 
Sun’s AR. at noon - l . 31. 42 


Estimate Time - - *lh. 48'. 46" 

Correc. fiomReq. Tab. 23. — 1. 12 

Appaient Xime required 7. 47. 34 


107. The time of the passage of a stai over the meridian may bo found (78) 
from taking the times at which it had equal altitudes on each side of the meri- 
dian, and bisecting the intei val. If equal altitudes be taken at 8 and 1 1 o’clock, 
the star was upon the meridian at half past 9 o’clock. But for the sun this will 
want a correction, owing to its change of declination, on which account it 
IS not at equal altitudes when equidistant from the mendlan. If be be the di- 
urnal arc described by the sun in its ascent to the meiidian, and ed m its de- 
scent from it, and mn be drawn parallel to HOR, then the sun is at equal alti- 
tudes at m and and the angle mPn, or the arc gr, measures the diflference of 
the times at m hnd ft'oih themferidiffitt^ when we Aerafere bfeect the interval 
of the times at which the sun was at m and n, we must correct it by half mPn, 
o» half qr, in order to get the time at which it cofties to the meridian. This cor- 
rection is called tlie equation of equal altitudes. Now (Tug. Ait. 264.) if d" = 
the variation of the sun’s dec. in the interval of the observations, ^=tan. lat. 
V = tan. deck at noon, s = sine, r = tan. of the hour angle from noon at the time of 
the observation, taking the half interval of times for the measure of that angle ; 

then iur=i<i"x -± radius being unity j or as the value of d" in time is 

s r 15 

seconds, estimated at the rate of 15° foi 1 hour, or 15" for l second of time, 

tlwefore the correction = -^ x - ± — seconds of time, where the sign — is to be 

30 ^ r 

used when the lat. and deck are both north or bodi south, and +• when Ode 
IS north and the other south. Now in north latitude, when the.sun approaches 
the north pole, dr is in the 9th. 10th. llth. 0th. 1st. 2nd, signs, it il' manifest 
vox. I. E * 
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from the figure, that the sun, after passing the meridian, will not come to the 
same altitude as at tlie observation before, until it be at a greater distance 
from die meiidian , therefoie the middle point of tune between the obseiva- 
tions must be, when the sun has passed the meiidian, and the collection must 
be subtracted. When the sun is m the other signs, leceding from the noith 
pole. It comes to the same altitude at a less distance from the meiidian ; thcie- 
foie die middle point of time must be, before the sun comes to the meiidian, 
^rid conseq^ugptly the conection must be added. To facilitate this computation, 
Mr. Wales constructed and computed a set of tables which were published in 
die Nautical Alm|nac for 1773 j these tables aie called Equation to coi respond- 
iiig altitudes. 


FIG. 

8. 


To Jtnd the Time the Sun is passing the Meridian^ or the horizontal or perpendi- 
cular Wire of a Telescope. 


108. Let be the diameter of the sun, estimated in seconds- of a great 
circle ; then, (as the minutes in wio?, considered as a small circle, must be 
gteater in proportion as the radius is less* because, when the arc is given, the 
angle is inversely as the radius), sin. P.r, or cos. dec. ra . rad. ‘ seconds d" in 
mx of a great circle : the seconds in ma> of the small aide ea, which is e(]^ual 
to (lSi}the seconds m yr =; the angle rPg, and therefore die angle rPq=zd 
divided by cos dec. (rad. being unity) = d" x sec. dec., which measures Ae 
tone the sun is passing over its diameter, and consequentiy the time ^e di^ 
meter would be in passing over the meiidian ; hence (as in Ait. 107), the time 

of passing the mendian = 

Hence qr, tlie sun’s diameter in light ascension, is equal to d x sec. dec. 
If tiiex^re tbtt diameter =eS2'5s 1020", and its dec. 20 , its diameter m 

-nght a«cea8iwffll«atf' k l,064s,S4', 2",88. The same will do for the moqn, 


if (f::::it8 diameter. 


ino -Rxr Art- q<i ar-nxx . ^4'-! -(if nx^i' the sun’s diam.) 

109. By Art 93. qr^-nx x cos. lat. x sm. azi.*^^ ^ 


hence, as before, the time of describing jr, or the 
cos. lat X sin. azi, . , , , , , -x j* 

^ in which the sun ascends perpendicularly through a space equal to its dia- 

tae4er,«ai»time6fpa88mganhori0<nitol e4iBHo_,x 

The same expTOfison must also g^ve the tune which the sun is in rising. 
If id" 5:11880^ tint iMilwontiil leficactiwi, ^en d" divided by 15'=: 132 ; hence, 
, ... . • a rad* * 

acdilciWitei Mag of -the sf^a by 132" x ^05. jat x sin. azi. 
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110, llie ain. nxm i sin, mwwmn : j hence (03), qrzz 

sin. nxm s ' ^ 


_ sin. imx 
fnnx X 


rad. 


.SSWIW X 


rad. 


— ; and if mnr=d', we 

sin. rum sin. rmuc x cos. rx sin. Tiam x cos. rai 

find the time, in which the houzontal motion of the sun i& equal to its diameter. 


tobe-£ X * , which is therefoie the time m wliich the sun 

15* cos. ZxP X cos. dec 

would pass the veitical whe of a telescope. 


Dr. Maskelyne’s Rules ie find the Time qfthe Passage 6f a Star or Planet from 
one Wire to another of a transit Instrument. 

111. For 2 i fixed Star. Multiply the equatoiial interval of time by the secant 
of the star’s dechnation, and you have the time required. For an arC of tlie 
equator, measured on a small circle parallel to it, subtends agreatei angle 
about the earth’s aTja, in the proportion of rad. . cor. dec. or sec. dec. : 
radius. 

For the Sun. Increase the equatorial time of a star by the 365tli part (owing 
to l^e sun’s motion in that time) and you have the equatorial time by the sun } 
then proceed as for a star. 

For a Planet^ exc^t the moon. Take the diflFerence (d) of 2S7i. 56', and 
the interval of two successive transits of the planet over the meridian, as given' 
in the Nautical Almanac j then say, 24/<. : d.: the time of the passage of a star 
having the same dechnation : a fourth number, which added to or subtracted 
j&om the time pf the passage of a star, according as the interval of the ttv;©' , 
successive transita is mo^e 0^ ^ time of ti^e planet’s 

passage. 

For the Mom. Put «=the equatonal interval by a star, rz: daily retaid- 
ation of the moon’s passage over the meridian in minutes, then allowing for 

the moon’s motion, 23*. 56' . 1440' -hr';:«x ^ J the time in the equatorfroro< 

wire to wire, seen from the earth’s center. Now the time of the image from wire 
to 'mxOtisccetertspartlmiSi& the angle subtepded by the interval of the wires at 
the object glass, or as its vertical angle, or the angle desenbedby the moon about 
’ the supposed place of observation} but the vdocity of the moon and the angle 
described being given, the arc, and therefore the fame, is as the distance } 

hence, the time seen fi:om the center of the eatth x : time at the- 

23^4 06 

spectator:, e ’s dist. firom center : 4 's dish from spectator:: sin. ap. Zfin. dist. 
.sin. true zm> dist. therefor^ the intepaL of time (0 at the iqiectatoirss / 
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n X X X sec. <l ’s dec., hence, Log. t. = 6,8427® + /. w + 

28A. 56' s. ap.zen. dist. 

L. (1440 + r) + ?. Req. Tab. IX. + ?. sec. <L ’a dec. -SO. 

On the Principles of DtaUing. 

112. As the apparent motion of the sun about the axis of tlie earth is at the 
rate of 15° in an hour, very nearly, let us suppctee the aXis of the earth to pro- 
WG. ject its sha4ow into the mendian opposite to that of the sun, and then this me- 
ridian will move at the rate of 15° in an hour. Hence, let zPRpH repiesent a 
mendian on the earth's sur&ce, POp its axis, z the place of the spectator* 
HKRV a gieat circle of which z is the pole ; draw the meridians Pip, P2p, ^c. 
making angles with PRp of 15°, 30°, ^c. lespectively; then supposing PR to - 
be the mendian into which the shadow of PO is pi ejected at 12 o clock. 

Pi, P2, <§’c. are the 'mendians into which it is projected at 1, 2, <§>c. o’clock, 
and the shadow will be projected on the plane HKRV in the lines OP, Ol, 
02,^., and the arcs Rl,‘R% <§?c. will meaeuie the angles ROl, R0% <S'C. 
between the 12 o’clock line and the 1, 2, ^c. o’clock lines. T^ow in the nght 
angled tnangle PPl, we have PR (84) the latitude of the place, and the angle 
RPl = 15°; hence, rad. . tan. 15° sin. PR tan. Pl , in the same manner we 
may calculate the arcs P2, PS, ^c. In this case we make the earth’s axis the 
gnomon, and the shadow is projected upon the plane HKRV. But if we take a 
plane abed at z parallel to HKRV, and consequently parallel to the horizon 
at z, and draw.«r parallel to POp, then on account of the great distance of 
the sun we may conceive it to revolve about zr in the same manner as about 
* Pp, and consequently the shadow will be projected upon the plane abed in the 
same manner as tlie shadow of PO is projected upon the plane HKRV, and 
therefore the hour angles ate calculated by the same proportion. 'This is an 

Fid. ' US. JfJ^tJSrbe'agreat clrtele perpendicular to PPiiflh, and con- 

18* fiequendy perpendicular to the horizon at z, and tlie side next to H is full south. 

Then, for the same reason as before, if the angles Npl, Np^, be 15°, 30°, 

^(f. the shadow of pO will be projected into the lines Ol, 02, ^c. at 1, 2, <§'c. 
o’clock, and the kngles NOl, H02, will be measured by the arcs JV^l, K2, 

Hence, in the right angled tnangle pNl , pN =the complement of the latitude, . 
ahd the ahgje iV^l=15°, therefore rad. • tan.l5° •* sin.p^ tan. ^1; in the 
same we find N2, N6, ^c. Hence, for the same reason as for the hoi 

nzOntai if zoic be a plane coiuciding with NLzK, and st be ps.rallel to, 

Op, St wiU projeW it^i shadow m tfie sajne manner on the plape zabc as Op 
does on the plane HLzK, and tjjerbfore |iour angles from the 12 o’clock 
Uae aire computed by fheeame proportidh. This is a <vertical south dial. In the 

J 
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same manner the shadow may be projected upon a plane in any position, and the 
hoxu angles be calculated. 

114. In order to fix an horizontal ' dial, we must be able to tell the exact 
time of the sun’s coming to the mendian, for which purpose, find the time (92) 
by the sun’s altitude when it is at the solstices, because then the dechnation 
does not vaiy, and set a well regulated watch to that time, then when the 
watch shews 12 o’clock, the sun is on the meiidian j at that instant theiefore 
set the dial to 12 o’clock, and it stands light. 

115. Hence we may easily draw a meiidian line upon any honzontal plane. 

Suspend a plumb line so that the shadow of it may fiiU upon the plane, and 
when the watch shows 12, the shadow of the plurnb hne is the true meridian. 
The common way is to desciibe several concentnc circles vpon an horizontal 
plane, and in the center to erect a gnomon perpendicular to it with a small 
round well defined head, like the head of a pm } make a pomt upon any one 
pf the circles where the shadow of the head, by the sun, fiiUs upon it on the 
morning, and again where it falls upon the same circle in the afternoon , draw 
two radii from these two points, and bisect the angle which they form, and it 
will be a meridian line. This should be done when the sun is at tlie tropic, 
when It does not sensibly change its declination m the interval of tha obser- 
vation; for if It do, the sun w^U not (107) be equidisiant from the mendian 
at equal altitudes. This method is otherwise not capable of very great accu- 
racy, as, from the shadow not bemg veiy accurafiely defined, it is not easy to 
say at what instant pf time the shadow- of the head pf the,gaoi»pn is bisected by 
the ciride. , If, however, several circles be made use of, and the mean of thq 
yho^ meridian way be gpti^n with iJl eonu 

116. To find whether a wall be full south for a vertiical south dial, erect a 
gnomon perpendicular to it and hang a plumb line fiom it, then when the 
watch shows 12, if the shadow of the gnomon coincide with the plumb line, 
the wall IS full south. 


't 
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CHAP. III. 


I'O DETERMINE THE EIGHT ASCENSION, DECLINATION. LATITUDE AND 
LONGITUDE OF THE HEAVENLY BODIES 

Art.' 11 Y. The foundation of all Astronomy is to determine the situation of 
the fixed stars. In order to find, by a reference to such fixed objects, the pkces 
of the ^ol|5ferbodies at any ^ren time, and from thence to deduce their proper 
riiotjoris." ■Thfe poikticfeiS of the fixed stara are found from observation, by find- 
their right siscensions and declinations by means of the transit telescope 
and astronomical < 3 fuadrant, as explained in my Treatise on Trac&cdl Astronomy / 
and tlien by computation their latitudes and longitiides may be found. 

?18. Notv as the earth revolves uniformly about its axis, the apparent mo- 
ti<m® ttf ' all tliA* heavenly bodies j arxsmg from this motion of the ektA, must be 
umfrnMr'Y'and ‘ik Hfis Motion is paraEel to dhe eipiator, timinteiyal of the times, 
in iriiioh''ati^ Itlto kaJfs pass over any meridiaa, must' be in proportiott to the 
vtt of the‘ equatdr intercepted' between the two secondaries pasring through 
ris^m, bedausri (l'3)'thi8 arc of the equator contains the same number of de- 
j^eds as tile arc'bf any small circle parallel to it and comprehended bdbVeen 
l^ianie iwdbnclaries \ and therefore, if one increase uniformly, the other must. 
Henhe, the ri^ht ascention of stars passing the mendiah fit cfifferent times vrill 
idi^r in propdrtion the dlfibrence of the times of their passing ; and as the 
dock ik supposed to go uniformly, we have the Ibllowmg tide : As the inter- 
val of the times of the passage of any fixed star over the mendian • the inter- 
val of the passage of any two stars . : 360° : their apparent diflference of light 
aseeoiloM Ibr abmx^on m right ascenrion, gives their 

tise Sauie method we may find the dif- 
tight (K^nsions of the sun or moon, when they pass the meridian, 
and a star, and therefore if that of the star be known, that of the sun or moon 
will 5 which wril be rendered more exact, if we compare them with several stars 
and take the mean ; remembenng to apply the starts abeiration in right ascen- 
sion to the apparent^ in order to get the true difiference. "When we thus deter- 
milie the sun’s nght ascension firom that of a star, the sim’s aberration, which in 
hmgttttdeis always 20", is not here considered, because the sun’s place m the ta» 
Jbli^ IB pot down as affected by aberration , and the use of observing the sun’s 
right ascensioii is to compare it with the tables in order to find thdr error. 

119. Now to determine the right ascension of a fixed star, Mr. Flamstead 
proposed a method, by comparing the right ascension of the star with that of 
die sun when near the eqxdnoxea, and having the same declination ; and as this 
method has not been explained, we shall give a very full explanation thereof, 

2 
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together with an example. Let AGCKE be the equator, ABCWE tlie ecliptic, 
S the place of tlie star, and Sm a secondaiy to the equator, and let the sun be 
at P, veiy near to A, when it is on the meridian, and take CT^ PAy and diaw 
PLy TQ perpendicular to AGC, and QL parallel to AC, tlion the sun’s decli- 
nation is the same at T as at P. Obseive the meridian altitude of the sun 
when at P, and also the time of the passage of its center over the mendian ; 
observe also at what tune tlie star passes ovei the meudian, and then (118) find 
the apparent difference Lm of their light ascensions. Wlien the sun approaches 
near to T, observe its mendian altitude for several days, so that on one of them, 
at t, it may be greater and on the next day, at e, it may be less than the men- 
dian altitude at P, so that in the intermediate time it may have passed through 
T; and drawing tb, es perpendicular to AGCE, observe on these two days', the 
drffeiences bm, sm of the sun’s light ascension and that of the star j draw also 
sv parallel to Qo. Hence, to find Qb, we may consider the variation bothi of 
the nght ascensikoti and dedination to be unifiirm foi a small time, and conse- 
quehttyt? be proportional to each other; hence, vb (the- change of meridian 
altitudes in one day) : ob (the difference of the meridian altitudes at t and T, 
or the difference of declinations) : . sb (the difference of sm, bm found by obsei- 
vation) ; Qb, which added to-fow, or suj/tracted from jt, accoi ding to tlie situa- 
tion of nt, gives Qmy to Which add Zw, or’ take their difference, according to 
cucumstances, and we get' QLy Which subtiadtcd from AQC^ op ] 80°, half 
the remainder will be AL the stwi’s nght ascension at the first observation, to 
which auid^Ltn and we get thd star’s nght ascension at the same time* Instead 
of finding bQy we might have found sQ, by taking TQ-^es fi>r the aecoftd term* 
smdfinont fhened we should have-gotteii Qea. Thus we should gdt the right m- 
Censioa. of aitar,, dpsri fhe.|Kriirion of, the equator had re- 

mained tlie same, and the apparent place of the star had not varied, in the in- 
terval of the observations.'' But the intersection of the equator with the eclip- 
tic has a retrograde motion, 'called the Precession of the Equinoxes ; also, the 
inchnation of the equator to the ecliptic is subject to a variation, called the 
Nutafaon j and fiom the Aberration of the star, its apparent place is continu- 
ally changing. TOie effects of all these circumstances in changing the right as- 
cension of the star will be esqilained' and investigated in their proper placffs. 
Now Tables VIL and VIII. (see Yol. II.) contain these corrections 36 fxrin- 
cipal stars ; that is, if the mem nght ascension of any star be taken ‘for the be- 
giamng of the year, and these cOrrectiofis be apffiied to it, accOiding to their 
signs, for any day, the result gives the apparent right ascension of the staf for 
that' day. ‘ 

120, Let th.erefoie ABCE he the ecliptic, AGCE tlie position oi^ th^ equa- 
tor at the first observation when the sun was at P, and aged the po^ariqanf the 
equator at the tune of the observation at the other equinox, and lV=P4y 


Fia. 

19, 


no. 

20 . 
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and draw TQ. perpendicular to AGCE, as before, S,nd'draw Qq parallel to ABC, 
andijr peipendicular to^G^jE; let Ae be also peipendiculai to aged, Now 
as the position of the equator and the apparent place of the star are altered in 
the time between the two obseivations, let m be the point where a secondaiy 
from the appaient place of the star to the equator attlie fiist observation would 
cut' It, and v the place at the second observation, and diaw vw perpendicular 
to AGCE ; then Am is the apparent right ascension of the star at the first ob- 
servation, and av at the second. Also, the sun must be at t when it has tlie 
same declination tq at the second observation as it had at the first, and conse- 
quently qv 18 the apfiarent difference of right ascensions of the sun at t and Star, 
which dififeience is found by observation in the same manner as the difference 
at T was before found, when the equator was fixed. Also, as Qq=:Cc=Aa, 
and the angle qQr=cCQ=:Aae, we have Qr—ae=:Aa x cos. Aae. Now if we 
put M foi the mean right ascension of the star at the begiiujing of the year, 
and S foi the sum of all the collections due at tlie time of the first observation, 
and 9 for the sum due at the second ; then, frwn what we have already explain- 
ed in the last article, M+S—Am, M-hszatec, hence, if we take the former 
from the latter, supposing 5 to be greater than S, we have s—S=aiv—Am=:ae 
+ ev^Aiv—mn (m lyi ng be yond w)i but e'v::zAzo-, hence, s—8z=.ae- um, 
consequently zim;=iae—s—S, Now qv, or rzv, is known, hence we know m, 
and as Qris known, <Qm will be known ; and as we also know Im, we get the 
value of QL*, with which we proceed, as before, to get the star’s ri^t ascen- 
sion. 'The groat advantage of this method,' is, that it does not depend upon 
smy deteimination of the latitude of the place, dechnation of the sun or accu- 
racy in the divisions of the instrument. If the latitude be known, wc may 
find the declination firomthe meridian altitude, it being, fiiom Ait. 87, equal 
to thS! between the. meridian altitude and the complement of latitude, 

second eqwaox- ^ sufficient, because the 
daily' ve^tibn of ffie dteAiation and right, ascension may be taken from the 
Nautical AhnanaCf Having thus determined the right ascension of one star, 
ihe right awension of all the heavenly bodies may from thence be found (118). 
. If the pght ascension of a stai, which is not’in these tables, .should be re- 
quiifd, -the porfections must be computed by the Rules which we shall give in 
fjopqr, places. If the right ascension pf the star be first computed with- 
opt '>ciqnMdeiing these corrections, it will be sufficiently accurate to compute 
the and then they, may be applied. 

(' J I ^ I J ' ' < 

la all If you draw the figure and put the star m its pi oper place^ and put m and vj 

in their pi oper situafi<^^ nwiy he done byr observing whetlier ep) or Am be*the greater, you 

lUim^iatdiy see qumtitiee ate to be uddWl toother, and what subtracted Tins figure le 
draVn for the 
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LATiTlTDIfl AND DONGITUDD OF THi! HEAVENLY BODIES. 

ISx. Let it be required to find the right ascension of Pollux on March 24, in 
the year 1768, fiom Dr. Maskelyne’s observations. 

On Maich 24, Pollux passed the meridian at 1h. 31'. 38", andontlie 25, at 
7A. Si'. S7",66 j entitle same day the sun passed at Oh. 16'. 3S",5 ; hence, the ap- 
parent difference of the AR’s. of the sun and Pollux on the 24th, allo-mng foi tlie 
eiror of the clock (122), was 7^. 15'. 2",46 = 108‘’. 45'. 36 ',9= Lot. Now on 
Maich 24, 

Appar. zen. dist. © L. L. - - 49®. 58'. 58", 7 

Seinidiam. - - - « - —16. 4, 4 

Appar. zen, dist. © ccn. - , - - 49. 42. 54, S 

Paiallax — 6, 7 

Refi. cor. for Baa. and Ther. - - + l. 10, 4 

True zen. dist. © cen. - - «• 49. 43 58 

True mendian altitude - - - 40. IG. 2 


To find when the sun had the same meiidian altitude, oi declination, just 
before it came to the next equinox, let us take Sept. 18, on which we find, 
Appar. Zen. dist. © L. L. - - 50°. 8'. 37",8 

Semidiam. - - - - - — 15. 59, 4 

Appar. zen. dist. © cen. - . - 49. 52. 38, 4 

Parallax - - - - - - _6, 7 

Refr. cor. for Bar. and Ther. - - + 1. 5, 8 

jfVwtf zto. di8t.'<^ o«H» - 40. sd. S7, S 

True mendian altitude - - - 40. 6. 22, 5 

As tliis altitude is less than that on March 24, the instant of time when the 
sun had tiiie same declination as on the 24th must be before the 18th j thoicfoie 
as the sun on the 18th had gotten beyond that point where its declination was. 
the same as at P, we must, from the difference of the right ascensions of the 
sun and star observed on that day, subtract the increase of the sun’s light as- 
cension between the 18tli and that point of time when the decimation was the 
same as at P, in order to get the difference of the apparent right ascensions at 
the' time when the sun’s declination was the same as at P. We may also ob- 
seive,’ that the difference of any two true mendian altitudes is the same as the 
difference of the declinatiqns at the same times. Now as the sun’s altitude was 
not observed on the 17th, we will take the change of declination for that clay 
from the Nautical Almaijac, which is 23'. 20" , also, the increase o/ the sun*s 
AR. for that dajr was 3'. 36" m time, or 54' in space. The difference of the 
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tiue meridian altitudes, 6i the clifFeience of declinations on Maich 24, and 
Sept. 18, was 9'. 39",5, hence, 23'. 20" 9'. S9",.5‘.54' 22'. 21, "4, the incieafee 

of the sun’s light ascension fiom the tunc bcfoie the 18th at which the decli- 
nation was the same as on Maich 24, to the 18th. On Sept. 18, Pollux passed 
the ineiidian at 7//. 30'. 39",9, and on the 19th at 7/i. 30'. 40". On the 18tli the 
sun passed at 11//. 44'. 53",33 ; theiefoie the appaient diffeience of the AR's, 
of the sun and Pollux on that day, allowing for die eiroi of the clock (122), 
was 4/i. 14'. 13",5=:63®. 33'. 22",'), from which Subtract 22'. 2l",4, and we have 
63°. 11'. l",l= 5 '». Now to get the correction in Table VIII. we must have 
the place of the moon’s ascending node, which, fiom the Lunar Tables, is 
found to be 9’. 17°. 4.5'. 28" on Maifh 24, and 9’. 8°. 19'. 54" on Sept. 18. 
Hence, 

Maich 24, Coriection f?oni Table VII. > . , + 19",2 

VIII.J 

-t- 38, 7 = ^ 


Sept. 18, 


Collection fiom Table VII. > 
VIIL 5 


j . + 31 ,S 

led. to space ^ 2 ^’ 


-f- 51, 3=5 


Hence, $—S=: 12",6. 

Piec. of Equin. fiom March 24, , 

to Sept. 18, Table XV. 3 

Vaiiation of the equat. of equinoxes. Table XVI. -i- 0, 7 


True Precession in the interval - - - - - - - - 25,6=.Aa 

Cos. 23°. 28' ,917 


23, 4 = (76 


Hence, }n'®=23",4— 12",6=10",8, theieforc m = = jw— ota)=:63°. 

10'. 49", 3; to this add Qr=23",4, and we have Q«i=63°. 11'. 12",7, which 
being added to Xjw= 108°. 45'. 36", 9 we have ZQ = 171°. 56'. 49",6, wduch sub- 
tracted from 180°, half die difference is 4°. l'. 35'\2=AL the sun’s riglit as- 
cension on March 24, to which add Lm=z 108°. 45'. S6",9 and we get 112°. 47'. 
12",1 the apparent light ascension of Pollux at the same time j and if from this ^ 
we subtiact 38",7 the equation at that time, we get 112°. 46'. S8",4 for its mean 
right ascension, 'fhis conclusion diffeis a little from that detei mined by Dr. 
Maskelyne in Table VT, fiom the mean of seven observations. 


LATlTliDK AND LONGITUDE OP THE HEAVENLY BOOTES. 

121. But tlic mctliod made iiac of by Du. Maskklyne in settling the noht 
ascensions of the sUis, though tbundeil upon the same piinciple as this of Mi 
I^lamsteao, is difflnent in its piocess, and piocuied him the advantage of a 
gieatoi numbei of obseivations, both of the sun and stais, in tlic same time 
and consequently enabled him to fix the light ascension of the stais with crreatei 
accuracy m a shoitci time. He look « Aqmhe foi his fundamental slat and 
assumed its light ascension as settled by Di. Bridley, icducing it to the time 
ol Ins obseivations by the mean precession, and afteniaids making the follow- 
ing collection. By compaiing a gieat many obseivod tiansits of such stais as 
he thought piopci to select, with that of Aqoidae, in vaiious paits of the ycai 
and applying the pioper equations, he obtained then mean light ascensions re’ 
lative to that of « Aquilae assumed, or affected Milh the same eiioi , and com- 
paling tlie tiansits of the sun neai the equinoxes with those of the above men- 
tioned stais obscived on the same day, he obtained the sun's nght ascension 
iclative to that of « Aqiulm assumed Piom the observed zenith distances of 
tile sun on the same days, collected for lefiaction, paiallax and the cnor of 
tile hne of colhmation, with the appaient obliquity of the ecliptic at the time 
1C deduced the sun’s iigjii ascensions aaid then by compaung the sun’s iioht 
ascensions deduced fiom the obseived tiansits with tliose deduced fiom his ob- 
Roivcd zenith distances at equal oi ncaily equal decimations of the same kind 
neai both equinoxes, he deduced the enoi of the assumed i.glit ascension of 
« Aquilm, which came out 3",8 additive. He ohsc. ved fi.rther, tliat in the in- 
terval of 12 yeais, which passed between tlio settling of Di. Braulev’s Cata- 
logue about 1755 and his own about 1767, the precession in nght ascension 
was diminished by 2",I6 by the action of the planets. Theieforc if this had 
been allowed m assuming the nght ascension oPa Aqiulm fivm Dr. Bradiey’s 
deteimmation the collection of the right ascension of « Aquilm would have 
come out 5 ,06 additive, 01 at die late off" a ycai, which agrees veiy well vntl. 
the annual pi^opei motion of « Aquilm deduced fn,iii othei obseivations I 
Masxeiyne has also given the; following method. 

Assume tlic n?ean AR of the stai at tlie beginning of the ycai and theiu.. 
by apptying the equations, compute its app^oent AR on two da) s’ of the year 
when the sim has neaily equal declinations on the same side of the oquatoi 

diffcicnce of the 

transits of the sun and stai, compute the. two appaient A 2 Vi of the sim and 
star call tin. by ifie star. Coirect the obseived zenith distances of the ‘sun 
y the coucction of the line of colliiiiation (if neccssaiy), icfiaction and 
paiallax, and you will obtain its apparent zenith distances, idlicted only by an 
cnoi m the latitude of the place, making an ciioi m the declination. To^tlie 
inean obliquity of the ecliptic at tlic beginning of tlio yeai, .Iw L piopm 
t;onal pait of the annual diminution, the collection foi the d!iy^of the ycai, 
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and the eciuation depending on the place of the moon’s node, and you will 
have tlie appaient obliquity, with, which and the two dcchnations of the suit 
befoie found, compute the two AR’i by the sun j call this by the dcchmtmu 
Subtiact the sun’s AR by the Aar fiom his AH by the decimation neai the ver- 
nal equinox, and call the dilleience a put down with its piopei sign. Do the 
same foi the autumnal equinox, and call the difteience d. ^len } (a + b) is 
the coirQctionof the mean AR of the sUr at the beginning of the yeai. Tins 
coirection being applied to the two AR’s of the sun by the stai, will give the 
appaient AR’s of the sun at those tunes. Foi let ^ = ap^. AR of O at 1* by 
the star. A' that at T, 21= Os AR at P by the decUnation, 23' = that at T; y = 
collection to be applied to coiicct tlic computed declination of the sun, and 
let 1 . n ©s eiroi (i/) m decl. • couesponding ciibr m yf 22 =?)?/. NovV an 
inciease of declination, increases the AR m the> si quadiant, and decreases li in 
the second, hence, an incicasc (laj) oL'AR in the fiist quadiant, makes it D+ni/, 
and in the second, B'-ny , these we may coiisidei as the tiuc AR’s of the © 
fioin the declination , also, the hue AR's from Uie Aar (putting .r =thc collection 
of the mean AR o£ the star at the beginning of the year) aic ^ + a’ and A' + ai ; 
hence, A+x=.B-¥ny, ^'+a?=J3'-?iy, and ^-=1 (^B-A + E -A')-, but a- 
B-'A, x=B - a , tliercfoi c i (« + 6). Furtliei , y=\n{B-E -vA' - A) 

fhe enor m declination. But 1 : n FL • AP ; now sui. ^P=tan. PL x cot. 

A, thciefoie sin. AP = AP x cos. AP = AP x cos. PTA x cot. A, and 1 . 
cos. AP sec. PJ/ X cot. A ; hence, y-^ QB-E A'- A) x cos. AR x cos. 

dec.* X tan. obi. eel. , i i 

J}y making a gicat niirabci of obseiiations of this kind, and taking the 

mean, the AR of a stai may be vciy accuiately deteimined. Di Maskeline 
ohsei’ied, that this method is moic simple than that of Di. Bradley, or l)u 
La Caillb, though on the same piinciple, first intioduced by Flamstead. 

122 The piactical method of finding the right ascension of a body lioin 1 lud 
of a fixed star, by a clock adjusted to sidereal time, is thus. Let the clock 
hc' in Its motion Jiom Oh. O'. O" at the instant the fiist point of Aiics is on the 
mendian , then, when any star comes to the meiidian, the clock would show 
the appaient light ascension of the star, the light ascension being estimated m 
tune at the rate of 15° an lioui, pioxidcd the clock was subject to no crroi be- 
cAU'se it would then sliow at any tune how fai tlie fiist point of Aiies was from 
tlie meridian. But as the clock is nccessaiily liable to eii, we must be able at 
anytime to asceitam what its enoi is, that is, what is the diflerence beti/cen 
the light ascension shown by the clock and the light ascension of that point of 
the equator which is at that time on the meiidian. To do this, we must, when 
a ftai, whose appaient right ascension is known, passes the meridian, compare 
Its appaient right ascension with the light ascension shown by the clock, am 




LATITUDE AND LONCIIXUDE OF TIIF HEAVENLY BODIES. 

Ihe diffeience wiJl show the ciioi of the cIocJv. Foi mslancc, let the appaient 
light ascension of Aldebaran be 4//. 28', .50" at the time when its tiansit ovei 
tile meiidian is obseived by the dock, and suppose the time shown by the clock 
to be 4A. 23 . 52 , then theie is an enoi of 2" m the clock, it giving tlie noht 
ascension of the star 2" moie than it ouglU. If the clock be compared with 
seveia stars* and the mean enoi takea, we shall have, moie accurately, the 
enor at the mean time of all the obsci vat ions. These obseivations being le- 
peated eveiy day, we sliall get the rate of the clock’s going, that is, how fast 
1 gams 01 loses. Ihe eiioi of the clock, and the rate of its going, being thus 
asceitained, if the time of tlie transit of any body be obseived, and tlie ciior 
of tlie ebek at tile time be applied, we sliall have tiie light ascension of the 
0 y. IS IS the method by which the light ascension of the sun, moon and 
pJanets are rcgulaily found in Obscivatoiicb. 

Ex. On Apiil 27, 1774, tlie following observations were made at Greenwich- 
« Serpents passed tlie meridian at 15/i. 31'. 28", 76, the moon’s second limb 

passed at 15/1. 59'. 7", 76, and at I6/1. 13'. 55",02 sidereal tune, to find 

the moon’s light ascension. ’ --v. uuu 

Fust, to find tlie enoi of the clock by tlie tiansit of the stais. 

Mean Ali. of « serpenUs at begin, of 1790 by Tab. VI. 15'*. 33' 55 " rj. 
Piecession in 16 yeai's by Tab. VI. - . ’ 

Mean ,412. at begin, of 1774 - - . , 

Coi. for aber. and piec. to April 27, hr Tab. VII. 

Cor. for nutation by Tab. VIII. - . . , 

App. AR. by the tables 

App. AR. by the clock . . . . . * 

Enoi of the clock by a serpcntis too slow - 

Mean AR. of Anlares at begin, of 1790 by Tab. VI. 

Piecession in 16 yeais by 'I'ab, VI. - - , 

Mean ,4i2. at begin, of 177 1< 

Coi, for abci. and piec. to Apiil 27, by Tab. VII. 

Gor. for nutation by Tab. VIII 
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App. u4i?. by the tables - - - - - 16 15. J7, 

App. Ali. by the clock - - - - - 16 13. 55, 0‘J 

Enoi' of the clock by antares too slow ... 1. 42, 06 


The mean of these two ciiois gives l'.4£",045 foi the eiroi at the middle bo- 
tween tlie tunes of the transits of the two stais, oi at 15/;. 52'. 41", 89. Now 
fiom knowing the eiioi of the clock at tins tune, and the late of its going, we 
must find the error at the time the moon passed, which may, in this ca.se, be 
considered the same, the tunes being neaily equal. Hence, 

Moon passed the mendian by tlie clock - - - 35\ 59' 7", 75 

Eiioi of tlie clock, too slow - - . - - + l 42,0 1'5 

Tiue AR. of tlie moon’s 2d limb - - - - 16 0 49, 795 

Do. in degrees - - - - - - - 8k o". 12' 26",9 

Moon’s seinid. in Aii. (109) - - - - - — 17. 13, 5 

Tiue JJK. of the moon’s center - - - - 7 . 29. 55. 13,4 


The error of the clock is geneially detei mined by a gicatei numbei of stais, 
when they can be obseivcd, and the mean eiroi fiom day to day gives the late 
of its going, fiom which we may find the erioi at any other tune. Eoi in- 
stance, on August 8, 1769, I found, from taking the mean of the eiroi s of 
four stais, that the mean error of the clock was 2", 32, too fast, at IQ//. 
21'. 18", being the mean of all the times when the stais w’cre obseivcd, and 
on the 9th the eiror was 2",09, too fast, at IS//. .52'. 58", the mean of all tlic 
times. Also Jupiter passed the mendian on the 9tli at 14//. 49'. 10",4. Now 
the interval between the 8tf.' IQ/i. 18" and 9d. 13//. 52'. 58" is 21//. Si'. 
40", in which time the clock lost 0",23, also, the interval between 13//. 52'. 
58" and 14//. 49' 10", 4 is 56'. 12",4j hence, 21//. 31'. 40" 56'. 12", 4 0",23 

: 0",009, which is what the clock lost in the second mteival, theiefbie when 
Jupiter passed the meiidian, the clock was 2",09 — 0",009 = 2",08 too fast, 
which subtiacted fiom 14//. 49'. 10", 4 gives 14//. 49'. 8",82, the appaient light 
ascension of Jupiter. To the appaient AR. apply the aberration in A.R. and 
you get the tme AR. 

123. The right ascension of the heavenly bodies being thus ascertained, 
the next thing to be explained is, the metliod of finding then declinations. 
Take the apparent altitude of the body, when it passes the mendian, by an 
astionomical quadiant, as explained in ray Treatise on Fractical Aslronomif , 
eonect it for parallax ‘and refi action, and for tbe enor of the line of collnna- 
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nistiument, if necessaiy, and you get the tiue meridian altitude, 
iffeience betsveen which and the altitude of the equator (87) (which is 

nation lequued^^”^^^*^^^"^ latitude, pieviously determined) is the dech- 
it zenith distance of the moon’s lowei limb when 

t passed the meiidian at Greenwich was 68°. 19'. 37", 3 , its paiallax in al 
.9-,.. allowing for tl.e spUero.d.cal figur’e ofSe^thT.t 

moor ““ '» «»<! *0 decl,- 

Obseivod zemth distance of L. L. . . 68“. 19-. 3r,3 

Ixefr. coi. foi bai. and ther. Tab. XT XII. + 2 . 23 


3'J 


PaiaUax - - - - . 

Tiue zenidi distance of L. L. 
Semidiainctei - _ - . 

Tiue zcnitli distance of the center 
Latitude - - . . 

Declination south 


68 . 

22. 

o 

o 

3 

— * 

56. 

19, 

2 

67. 

25. 

41, 

1 

— 

16. 

35 


67. 

9. 

6, 

1 

.51 . 

28 . 

40 


15, 

40. 

26, 

1 


scinidiametermay be taken fiom tin. Tsr..,.f i 
Almanac, and the parallax m alotude may be found a s™ 1 L v5 ^ 

wo come to treat of the Paiallax and ‘ ‘ 

aa 1 ^ xaiaiiax^ and then the collection is to he nrmhari 

the somidiameter, fiom Table XIIL ^PPned to 

124 To find the latitude and longitude fiom tbp i,n.b+ 

-'-i c:;zx 

Gmri. ttrrf “ OWjtufr 

to Jind tls Latitude and Lougtinde. ^ 

wr/A m'LXaccLbio as ^Tcfei 

n;- » •». ~r-“rrrirrr:r.-;.”':r 

*””9 4‘ ''meant log. 4i„., leg, ^n .So 

...1 m 470.^..': <: 3: .rr 
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10, = tan. of the longitude, of the same kind as AR, unless aic B be more 
than 90°, m which case, the quantity found of the same kind as AR. must be 
subtracted fiom 12 signs oi 360°. 4. The sine of longitude +tan. aic B - 10, 

= tan. of the lequnod latitude, of the same title as aic B. N. B. If the Ion- 
gilude come out iieai 0°, oi neai 180% fbi the sine of long, in the last opeia- 
tion, substitute tan. long. + cos. long.— 10,*, or the last opeiation will be, 
tan. long. + cos. long. + tan. aic B — 20, =tan. lat. The tan. long, is already 
given. 


FIG. 

21 . 


Given the LaliLiide and Longitude of an Heavenly Bodtj, and the obliquity of 
the JLchplic, to find tts Right Ascension and DecltnaUon. 


1. Sme long +cot. lat.- 10,= cot. aic A, which call north oi south, ac- 
couhng as the lat. is noi Ih oi south. 2 Call the obliquity of the ecliptic noith 
in the fiist seiiucncle of longitude, and south in the second. Let the sura of 
aic A and obi. echp. accoiding to then titles, = aic B with its propei title. 
3 The aiith. comp, of cos. aic A + cos. arc B + tan. long. — 10, = tan. of 
light ascension, of the same kind as the longitude, unless arc B be inoie tlian 
90°, in winch case, the last quantity found of the same kind as the longi- 
tude, must be subtiacted fiom 12 signs or 360°. 4. The sine of AR.+ 

tan. aic B— 10.= tan. of the icquiied declination, of the same title as aic B. 
N. B. If AR. come out near 0°, oi neai 180°, foi the sine AR. in the last 
opeiation, substitute tan. AfJJ. +cos. AR. — IO’, oi the last operation will 
be tan. AR. + cos. AR. +ia.n. arc B- 20, = tan. declination. The tan. AR. is 
already given. 

Demonstration. Let s be the body, nr C the ecliptic, nr Q the equator, 
sr, sn peipendiculai to nrC, nrQ. Thou rad. sin. nrw cot. sn cot. s<rn, 
hence, log. sin. TW+log. cpt* sn— 10, =log. cot. snrn arc A. Hence, snpn 
*^QnrC=snrr arc B. Alsd ' 

cos. s<Y'n . rad. tan. nv : tan. snr) Tiig. Art. 219. 
lad. . cos. STr* tan. s<v : tan. rnr) 


cos. s T n . cos. S’V'T tan n nr . tan. rnr 


— . cos. s<rr X tan, n 'v 


hence, ar. co. 


cos. 6 <Y> n 


log. cos. Svn+log. cos. s<rr+log. tan. nnr —10,= log. tan. r nr the longitude. 
And (Tng. Art. 210), lad. sin. r nr tan. rnrs . tan. sr; hence, log. sm. rv + 
log tan. rnrs - 10, = log. tan. sr the latitude. And in whatever position we take 
4 , these conclusions will give the rule as stated above. If we consider nrC as 
the equatoi and nrQ the ecliptic, the dcmonstiation will do foi the second 
lule. 


* Poi the reason of this correction in extreme cases, sec Br. M&skeune’s excellent lutioductioa 
toTAYioR’s Lotjaiithms, ' * 

% 


IP 
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Ek. Given the tiue of the moon’s center 7s 29°, 55'. 1 3", 4. and its 
declination 15°. 40'. 26",1 soui/i, as deteiinined lu the two last Examples, to 
find its latitude and longitude*. 

By Dr. Maskelyne’s observations, the mean obliquity of the ecliptic at the 
beginning of the year 1784, was 23°. 28'. 0",2, and as its giadual diminution 
IS at tlie rate of ^ a second in a year, the mean obhqmty at the beginning of 
1774 was 23° 28'. 5",2, which collected by Tab. IX. X. gives 23°. 27'. 55", 8 
Ibi the obliquity at the time of observation. ’’ 


Sine of right asc. 

Cotaii. of decl. 

Cotan. aic A sout/i 

Obhq. eel. mr/k 

Aic B nort/i . _ . 

Anth. comp, of log. cos. aic A 
Tang, of right asc. 

Tang, of longitude 

Sine of longitude 

Tang, of aic B - - - 

Tang, of latitude noitli 


29°. 
15 . 

17 . 

23 . 


55'. 13", 4 
40. 26, 1 

57. 57, 8 

27. 55, 8 


< 9.9371817 

- 10 5519183 

- 10.4891000 


29. 58, 0 cos. 9.9979964 
0.0217102 
10.2371744 


8 *. 1 °. 2 '. 7", 4 


10.2568810 

9.9419678 
8 9835328 


- 4°. 48'. 54",1 - 8.9255006 

In like mannei, the light ascensions and declinations of the fixcd~&tms being 
found fiom observation, their latitudes and longitudes maybe computed, and 
thus a catalogue of all the fixed stais may be made foi any time. But as'both 
the equator and echptic are subject to a change in their positions, the nght as- 
cension, declination, latitude and longitude of all the fixed stars will vary. 
Hence, if their annual vaiiationsbe computed, as will be afleiwaids explained* 
their right ascensions, &c. may be found at any oilier tunc. 

125. If the body be the sun at i', whose right ascension and ‘declination aie 

given, to find its longitude; then sin. : rad. sin. dji • sin. that is 
iin. ohl.^ eel : rad, ,stn, decl . sm, longitude. Or, cos. s'<rn rad. tan. :* 
tan. that is, cos, ohl, eel • rad tan. nght asc. : tan. hngitude. The sun 
being always iii the echptic, has no latitude. ’ 

To find the angle of Position. 

126. Let p be the pole of the ecliptic vX, p the pole of the equator vC, 

* In making tiigonomctncal calculations, it will saic time, when the same arcs occur, to take out 
, a 1 thru logarithms at once, to ai oiil the tioulile ot tuining to them again The Computer therefore, 

1 . toio he hep ins his opi'K tion, should put it down m it. piopcr older, leaving it to be filled up by the 
00 an nn^ , he will tlun see what art s aic lepcalcd, and he may, at one opening of the tablea, take 
out all then log.ii!ihms and put them down in tlitii piopei plates. 

VOL. I. „ 


FIG. 

22 . 
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S a star, draw the great ciicles pPLC, pSD, FSB A, and (53) PSp is the 
angle of position. Now the angle PpS, or (12) DL, is the complement of lon- 
gitude <¥> D; the angle is the supplement of APC, or of AC (12), which is 
the complement of the right ascension "tA of the star ; pP is the obliquity of 
the echpbtc , PS is the complement of dechnation, and ;i<Sthe complement of the 
latitude of the star. Hence, if the longitude and declination of a stai be given, 
we have, sin. PS ; sm. PpS:: sin. Pp : sin. PSp, that is, cos, star's dec. . cos. 
its long. . sm. obL eel. : sm. angle of Position. If the latitude and declination 
of the star be given, we know pS and PS their complements, and Pp; 
hence, sin. pS x sin. PS . rad.* sin. J x SP + Sp4-PpK sin. ^ x SP + Sp—Pp ; 
cos. L PSp'. Or of the right ascension, dechnation, latitude and longitude of 
the star, any two being known, we shall know three parts of the tiiangle PpSy 
and consequently the angle PSp may be found. If be the sun, pS =90°, and 
the triangle may be solved by the circular parts. 


CHAP. IV. 

ON THE EaUATION OP TIME 


Art. 127 . Having explained, m the last Chaptei, the practical metliods 
of determrmng the place of any body in tire heaLs, we co«Uo the 
consideiatiou of another circumstance not less important, that is, the irresu 

W T f best measure of time which we 

clock legula^ted by the vibration of a pendulum. But however 
ately a clock may be made, it must be subject to go iiregulaily paitlv 
iiom the imperfection of the workmanship, and partly from the expamon 
and contiacuon of the mateiials by heat and cold, by which the le^th of 
are pendulum, and consequently As n^L^ 

tt! w V^U i! i7 keeping time accurately^ it is necessar^ 

that we should be able to ascertain at any time, how much it is too 

.W and at what rate it gains oi loses. For this ;u!;o^^^^ 

pared with some motion which is uniform, oi of which if' it be not nn\f 

Z.Z. <he’ 

t eiefoie been considered as most proper for this puinosp "KrAirC 
revolving uniformly about its axis, the apparent diuiL^motion^of the S 
stars about the axis must be unifbim. If a clock th.rpfilT ? . 

iT.g27ilTate 

TOlhanr fined W be at any time detamined by comjMiing it 

hoL ff contniut, to be 24 

A ci4 tv ™ 

r: £5Sr “ 

“ ir ttZ: 

revolve about .to toVorte 

ZZn Lot -- -^4 to" 

cemve’days, an’d”k,ol " tXefconZf 

spectator be at s on the mendian ^ equator, and let the 

when the oa.th hue -"tovo u "trl ““ 

«>etomepoe.Uou. but U.e - bfiviug mo^ Stf :;r 


PIG. 

23 . 
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ON THE EQUATION OF TIME. 


to desciibe the angle vPr in oidei to bung the meridian Psv into the position 
Pr, so that the sun may be again in the spectatoi’s meiidian. Now the angle 
vPt IS mcasuied by the arc e/i, which is the inciease of tlie, sun’s light as- 
cension in a Irue solai day, hence, the length a ttue solar day is equal to the 
time oj the earth’ s rotation aloutits axu + the time of iti describing an angle equal 
to the increase of the sun’s right ascension in a true solar day. Now it the sun 
moved umfoimly in the equator 'fDXJS, this increase eh would be always the 
same in the same tunc, and thercfoie the solai days would be always equal, 
but the sun moves in tlie ecliptic vCX, and thciefoie if its motion weio uni- 
Joim, equal arcs am upon the ecliptic would not give equal aics eh upon tlie 
cquatoi*. But the motion of the sun is not unifoim, and theiefoie am, dc- 
scubed in any given time, is subject to a vaiiation, and which also must neces- 
saiily make eh vaiiablc lienee, the increase eh of the sun’s light ascension 
in a day vaiies fiom two causes, that is, fiom the obliquity of the ecliptic to 
the equator, and from the unequal motion of tlie sun in the ecliptic. The 
length theieforc of a true solar day, is subject to a continual vaiiation, conse- 
quently a clock adjusted to go 24« hours for any one tiue solar day, would not 
continue to show 12 when the sun comes to the meiidian, because die m- 
tcivals by the clock would continue equal (the clock being supposed neither 
to gain nor lose), whilst the inteivals of the sun’s passage ovei the mciuhau 
would vaiy. 

129 As die 9 un moves through 360° of light ascciision in 365^ days very 
neaily, dierefoie 36,5^ days . 1 day • 360°. : 59'. 8", 2 the inciease of light as- 
cension in one day, if the inciease were unifoim, oi it would be the inciease 
in a mean solai day, that i.s, if the solai days wcie all equal. If theicfoio a 
clock be adjusted to go 24 houis irxamean solai day, it cannot continue to coin- 
cide with the sun, that is, to show 12 when the sun is on the meiidian, but the 
'sun will pass the meridian, sometimes before 12 and sometimes after. This dif- 
ference IS called the Equation of Time. A clock thus adjusted is said to be ad- 
justed to mean solar timef. The time shown by the clock is called true oi mean 
time, and that shown by the sun is called apparent time. What we call apparent 
time the Ficnch call true. 

* Por draw mt parallel to eh, and suppose ma to be indefinitely small, then by plain tiigon. 
Via * mi rad bin. mat, or ^ae, 
mt ch cog ae . rad (13) 

ma eh . cos ae bin* • (bcca^ise Trig* Ait. 312 bin, ^aez:: . y . 

CLC 0 J 

Xradiub , hence, the ratio of ma to eh ib variable 

+ As the earth dcbcnhes an angle of 360'" 59' about its axis m a memi solar day of 34 hours, 
and an angle of 3C0® in a szderea/ day, therefore 360° 59' 8*^,9 . 360° 34A 23/z 50' 4'',098the 

length of the sidereal day in mean solar time, or the time flom th« passage of a fixed btar over the me-* 
ndian till it returns to it again. 
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130. A clock adjusted to go 24 houis in a mean solai daj, -would coincide 
■with an imagmaiy stai moving unifoimly in the equatoi with the sun’s mean 
motion 59'. 8", 2 in light ascension, if the star were to set oif fioin any given 
meiidian when the clock is 12, that is, the clock would always show 12 when 
the star came to the meiidian, because the interval of the passages of tins star 
ovei the mendian would be a mean solai day. This stai thei efbie, if we reckon 
its motion fiom the meiidian in time at the late of 1 hour foi 15°, would always 
coincide with tlie clock, that is, when the clock shows 1 houi,the sLai’s motion 
would be 1 houi, when the clock shows 2 hours, the star’s motion would be 
2 houis, and so on. Hence, this star may be substituted instead of the clock ; 
theieforc when the sun passes the given meiidian, 'tire diffeiencc between its 
light ascension and that of the stai, converted into time, is the diffeiencc be- 
tween the time wdien the sun is on tlie meiidian and 12 o’clock, or the equa- 
tion of time , because the given meiidian passes through the star at 12 o’clock, 
and its motion in respect to that stai is at the late of 15“ in an houi (132). 

131. Now to compute this equation of time, let APLS be the ecliptic, AL'v 
the equator, A the fiist point of ancs, P the sun’s apogee, S any place of 
the sun, diaw So pcipcndiculai to the equator, and take An=zAP. When 
the sun sets out at P, let tlic imaginary star set out at n with the sun’s mean 
motion in light ascension, or longitude, or at the late of 59'. 8", 2 in a day, 
and when n passes the meiidian let the clock be adjusted to 12, as desciibed 
in the last Article: These are the conespondmg positions of the clock and 
sun, as assumed by Astronomers. Take nm=.P$, and when the star comes 
to m, the place of the sun, if it moved uniformly with its mean motion, would 
be at s, but at that time let S be the place of the sun. Now let the sun 
S, and consequently <v, be on the meridian j tlien as m is the place of the 
imaginary star at that instant, mv is the equation of tunc. The sun’s mean 
place IS at s, and SL^An = AF, and nmzzPi>.. AmzzAPs, consequently mw 
zzAv—Am—Av — APs. Let a be the mean equinox, and diaw az perpendicu- 
lar to AL, then Am=iAz + zm=:Aax cos. aAz-\-zm=jjAa + zm, hence, wm 
r=Av—zm—\^Aa, hut An is the sun’s true light ascension, is the mean 
light ascension, or mean longitude, and ^ Aa (Az) is the equation of the 
equinoxes in light ascension, hence, the equation of time is equal to (he differ- 
ence of the sun's true right ascension, and its mean longitude corrected hy the 
equation of the equinoxes m right ascension. When Am is less than An, mean 
time picccdes apparent, and when greater, apparent time precedes mean; for 
as the earth turns about its axis in the direction An, or in the order of light 
ascension, that body whose right ascension is least must come to the meridian 
fiist. That IS, when the sun’s true right ascension is greater than its mean lon- 
gitude corrected as above, we must add the equation of time to apparent, to 
get the mean time; and when it is less, we must subtract. To convert mean 


FIG. 

24. 


ON THE EQUATION OF TIME. 


r 



time into apparent, we must subtract in the former case and add in the latter, 
Thia Rule for computing the equation of time was first given by Dr. Maske- 
LYNE in the Phil, Trans. 1 764. 

132. As a meiidian of the earth, when it leaves m, letums to it again in 24 
houis, it may be consideied, when it leaves that point, as approaching a point 
at that time 360° firom it, and at which it ariives in 24 houis. Hence, the lo- 
lative velocity with which a meridian accedes to or xecedes fiom m is at die late 
of 15° in an houi. Tlierefore when the meridian passes thiough &, the arc tm 
reduced into time at the rate of 15° in an hour, gives the equation of tune at 
that instant. Hence, the equation of time is computed foi the instant of ap- 
parent noon. Now the time of appaient noon in mean solai time, fbi which 
we compute, can only be known by knowing the equation of time. To com- 
pute tlieicfoie tlie equation on any day, you must assume the equation the s-ame 
as on tliat day four yeais before, fioin which it will differ but veiy httle, and 
it will give the time of appaient noon, sufficiently accurate for tlie puipose of 
computing the equation. If you do not know the equation four years befoic, 
compute the equation for noon mean time, and that will give apparent poon 
•accuiately enough. 

Ex. To find the equation of time on July 1, 1792, foi the meridian of Gieon- 
wich, by Mayeh’s Tables* 

The equation on July 1, 1788, was, by the Nautical Almanac, S'. 28", to be 
added to apparent noon, to give the coiresponding mean time, hence, for 
July 1, 1792, at Oh. 3'. 28" compute the true longitude*. 



* 'fbe reas-on of tlv,» ppeiation will appeal, wben we coroe to the coubti action and use of the fWlar 
Tihlfea. 
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■With this true longitude and obliquity 23°. 27'. 48", 4 of the ecliptic, die tiue 
right ascension of the sun is found to be 3‘. 11°. S'. 41", 25, also, the equation 
of the equinoxes in longitude = — 0",6 , hence, 


The mean longitude 
iiof-o",6 . 

Mean longitude coirected 
Tiue light ascension 

Equation 


8*. 10°. IS'. 25",4 
- 0,55 


3. 10. 13. 24,85 
S. 11. 5. 41,25 

52. 16, 4 ■which' 


conveited into tune gives S'. 29",1 the tiue equation of tune j which must be- 
added to apparent to give the tiue ■time, because die tiue right ascension is 
gi eater than the mean longitude.. 

1S3. The sun’s apogee P has a progressive motion, and die equinoctial 
points Jl,L, have a regiessive motion ; die inclmation also of die equator to the 
ecliptic is subject to a constant vaiiation. Hence, the same Table of the equa- 
tion of time cannot continue to serve for the same degree of the sun’s longi- 
tude. Also, the sun’s longitude at noon at die same place is dijfferent for ^e 
same days on different years, and it is foi apparent noon diat the equation is 
computed. For these reasons, the equation of time must be computed anew 
for every year. 

134. ‘Vldienever it is required to make any calculations from Astronomical 
Tables, and the time given is apparent time, the equation of time must be ap- 
phed to convert it into mean time, and for that time the computations must be 
made, the Tables being disposed according to mean motions. Thus, if it were 
xeqiuied to find the sun’s place on any day at apparent noon, the equation of 
time that day at apparent noon must be applied to 12 o’clock, and then the 
sun’s place computed from the tables for that time. All the aiiicles in the 
Nautical Almanac answenng to noon, are computed in the same manner. 

135. A clock adjusted to sidereal time begins at OA. O'. O" when the true 
equinox A is upon the mendian j therefore the distance of the meridian from 

measures sideieal time. A clock adjusted to mean solar time begins at Oi^. 
O'. 0" when m is upon the meiidian. Let ofbe a, point of the equatoi through 
which, the meridian passes at any time, then is the sidereal time j and let ^ 
be the place of the imaginary star at the same instant, and its place when 
the meridian coincided with it j then (132) the arc at is the measure of the 
time firom the mean noon. Hence, to get at, subtract the sun’s mean tight 
ascension Ay in time at noon on the given day from the time Aa shown by the 
tidereal clock, and you get ay, wliich is nearly the time at from mean noon j 

5, 
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fiom this subtract ty, the sun*s mean motion in light ascension in the interval 
ay of sidereal time, and you have ir#the time fiom mean noon by a clock ad- 
justed to mean solai tune. To facilitate this computation, Dr. Maskelyne has 
given two Tables , Table XVII. (Vol. II.) shows the mean motion of the sun in 
iiglit ascension foi eveiy day of tlie ycai , Table XVIII. is the mean motion ot 
the sun in nght ascension in time to houis and minutes of sideieal tunc Hence, 
fiom the Solar Tables, take the epoch of tlie sun’s mean longitude foi the yeai, 
and convcit it into time, and add it to tlie time in Table XVII, coriespondmg 
to the given day, and correct it by Table XIX, and it gives the sun’s mean 
longitude, or mean light ascension, expressed in sidcieal time, icckoned fiom 
the tiue eq^uinox, at tlie mean noon of the pioposed day : This subtiactcd fiom 
the pi oposed sideieal tune, gives the mean time nearly, with which Table XVIII. 
js to be enteied, and the nuinbei taken out of it, being the sun’s mean motion 
since the mean noon, subtiactcd from the mean tune found ncaily, wiU give 
the mean time coiiect. It is to be obseived, that the mean time found ncaily, 
or before it is corrected by Table XVIII, is apoition of sideieal tunc, being the 
interval by the clock between the transit of tlie imaginary star, and the pi o- 
posed instant j and tlicieforeto shorten the opeiation. Table XVIII. is made to 
be entered with sideieal time, instead of mean tune, commonly used in Astrono- 
mical Tables. Dr. Maskelyne also gave anothci Table of the epoch of the 
sun’s mean light ascension lu time fbi the beginning of the yeai , but as that 
can be taken fiom oui Tables of tlie sun’s motion, the mean light ascension 
and mean longitude being the same, it is not hcie given. 

Ex. On July 1, 1790, the lime by the sideieal clock was 11//. 20'. 14", to 
find the mean solar time. 


Epoch of sun’s .4^. 179Q 

18//. 

41'. 

15", 9 

Mean mot. in aUR. to July 5, Tab. XVII. 

12. 

13. 

19, 3 

Equat. equin. Tab. XIX. 

- 

-H 0,66 

©’s mean. long, at mean noon 

6. 

54. 

35, 86 

Sideieal time given - - - . 

11. 

20. 

14. 

Mean time nearly - - - - 

4. 

25. 

38, 14 

Cor. by Tab. XVIII. 



43,5 

Mean solar time - - - _ 

4. 

24. 

54, 6 1 


Hence, if the mean solar time be given, Ibi instance, 4A. 24'. 54", 04, we may 
thus find the sideieal time. To get the correction fiom Table XVIII, coiiespond- 
ing to mean time neaily, fiist get it for mean solar time, which is 42",39, and 
add it to the mean solar time, and we have 4A. 25'. 37", 03, winch is voiy near 
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what we call, mean time nearly j coiiesponding theiefoic to this tune, takeout 
the correction fioin Table XVIII, winch is 43', 5, and add it to the given mean 
solai time, and we get 4>h. 25'. 38",14 conectly foi what we call mean time 
ncaily , add this to 6h. 54'. S5",86, the sun’s mean longitude at noon, and it 
gives 11 A. 20'. 14" the sidereal time leqimed. 

136. Whenevei the time is computed fiom the sun’s altitude, that time must 
be apparent time, because we compute it fiom the time when the sun comes to 
the mendian, which is noon, oi 12 o’clock, apparent time. Hence also, the 
time shown by a dial is apparent time, and will differ fiom the tunc shown by 
a well legulated watch or clock, by the equation of time. A clock or watch 
may theicfoie be legulated by a good dial, by applying the equation, as befoie 
dnected, to tlie appaient time shown by the dial, and it will give the mean 
time, or that which the clock or watch ought to show. 

137. Mr. WoELASTON has proposed to regulate a watch oi clock by a dial 

constructed to show mean noon, or 12 o’clock by a watch oi clock. A lay of 
light thiough a small hole being let into a daik chambei upon the flooi, draw 
a mendian upon tlie floor coiiesponding to the hole, on which theicfoie the 
sun’s lays will always fall when the sun comes to tlie mendian. On each side 
ot this line, foi every day of the yeai, make a point wheie the image of the 
sun IS at 12 o’clock mean time, by a clock oi watch legulated for that piuposc ; 
thiough all these points diaw a cuive, and then you may icgulatc youi clock 
or watch by setting it to 12 when the image of the sun laUs on that curve. To 
prevent any mistake, put the months against the different paits of tlie curve on 
which the lay falls lu them. Oi the same may be done on any horizontal 
plane, by meeting a piece of biass, and making a small hole for the sun to 
shine thiough The ciuve may also be laid down by calculation, as Mi . Won- 
LAsroN has shown; and if it be diawn with gieat caic, it will be sufficienUy 
accuiate foi regulating all common clocks, and it has this advantage ovci that 
ot coirccting them by a common sun dial, that as the months aic put to the 
cuive, you cannot easily make a mistake ; whereas, in applying the equation 
of tunc to a dial, a pcison, ignorant of these maltcis, is veiy apt to apply if 
M’long. ^ 

138. The Equation of Time was known to, and made use of' by Ptolemy. 
Tycho employed only one part, that which aiiscs fiom the unequal motion of 
the sun in the ecliptic , but Keplek made use of both pai ts. He further sus- 
pected, that theic was a third cause of die inequality of solar days, aiising 
fiom the unequal motion of tlie eaitli about its axis. But the Equation of 
Time, as now computed, was not generally adopted till 1672, when Eeamstead 
published a Disseitation upon it, at the end of the woiks of IIorrox. 
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ON THE LENGTH OF THE YEAE, THE PRECESSION OF THE EQUINOXES FROJM 
OBSERVATION, AND THE OBLIQUITY OF THE ECLIPTIC 

Alt. 139. From companngthe sun’s nght ascension cveiy day with the fixed 
stais lying to tlie east and west, the sun is found constantly to lecede fiom those 
on the west, and appioach to those on the east ; and the inteival of time from 
its leaving any fixed star till it returns to it again is called a sidereal yeai, being 
the time in which the sun completes its i evolution amongst the fixed stais, or 
in the echptic. But the sun, aftei it leaves eithei of the equinoctial points, 
retiuns to it again in a less time than it i etui ns to the same fixed star, and this 
inteival is called a solar oi tropical yeai', because the time fiom its leaving one 
eqmnox till it returns to it, is the same as from one tiopic till it comes to the 
same again. This is the year on which the return of the seasons depends. 

On the Sidereal Year. 

140. To find tlie length of a sidereal year. On any day take the difference 
between the sun’s right ascension when it passes the meridian and that of a 
fixed star , and when the sun leturns to the same pait of the heavens the next 
year, compaie its light ascension with the same stai for two days, one when 
their difieience of light ascensions is less and the other when gi eater than the 
difference before observed j and let D be the incicase of the sun’s light ascen- 
sion in this interval of one day j tlien take the diffeience (c?) between the dif- 
ferences of the sun’s and star’s right ascensions on the first of these two days 
and on the day when the observation was made the year before ; and let # be 
equal to the exact tune between the transits of the sun ovci the mciidian on 
the two days ; then D . d : ^ ; the tune from the passage of the sun over the 
meridian on the first day to die instant when it had the same diffeience of right 
ascension compared with the stai wliich it had the year befoie ; the inteival 
between these two times gives the lengtii of a sideieal year. The best time for 
these observations is about Maich 25, June 20, September 17, Decembei 20, 
the sun’s motion in nght ascension being then uniform. Instead of obseiving 
the difference of the right ascensions, you may obseive that of their longitudes. 
If instead of repeating the second obseivations the yeai aftei, there bo an in- 
terval of several years, and you divide the observed interval of time when the 
diff^ence of theii nght ascensions was found.to be equal, by the numbei of 
yearf; you wiU have the lengtli of a sidereal year more exact. Or die length 
may 'be found thus. 
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141. Take the time (?) of a star’s transit ovei tlie meridian by a clock ad- 
justed to mean solai time ; then the yeai after, take the time again on two 
days, one (m) when it passes the mendian before, and the other (n) after the 
time t, then ' 23h. 56'. 4" : the time from m tiU the difference be- 

tween the star’s and sun’s right ascension was the same as at the first observa- 
tion , and the interval of these two times is the length of a sideieal yeai’. Cfcw- 
sim’s Elem. (PAitron. pag. 202. 

Ex. On Apiil 1, 1669, at Oh. S'. 47" mean solar time, M. Picard obseived 
the diffeience between the sun’s longitude and that of Procy on to be 3‘. 8°. 59'. 
36", which IS the most ancient observation of this kind whose accuracy can be 
depended upon ; see Hist. Celeste, par M. le Monnier, pag. 37. And on April 
2, 1745, M. de la Caille found, by taking their diffeicnce of longitudes on 
the 2d and sd, that at llh. 10'. 45" mean solar time, the diffeience of their 
longitudes was the same as at the first obseivation. Now as the sun’s i evolu- 
tion was known to be neaily 365 days, it is manifest that it had made in tins 
intcival 76 complete i evolutions in lespect to the same fixed stai in the space 
of 76 yeais Id. 1 Hi. 6' 58". But in these 76 years, tlieie weic 58 of 365 days 
and 18 bissextiles of 366 days, that inteival theicfbre contains 27759d. ll/i, 
6'. 58", which being divided by 76, the quotient is 365d. Qh. 8'. 47 " the length 
of a sideieal year. ° 


Ex. M. Cassini observed the transit of Sinm over the meridian on May 21 
1717, to be at 2h. 38'. 58"; on May 21, 1718 , it passed at 2h. 40', and on the 
22d at 2h 36'; to find the length of the sidereal year. 

In this case #=2A. 38'. 58", m=:2h. 40', n=:2h. 36*', hence, 4' 1 '. 2"* * 23/1 

56'. 4" 6h. 10 '. 59", which added to 2h. 40' the time it passed on May 2*1 1718* 
gives 8h. 50'. 59" foi the time on that day when the diffeience between the sun’s 
and star s light ascensions was the same as on May 21 , 1717 . Hence t 1 i,« 
terval is B6Sd. 61,. Itf. 59" for the length of e sideiesl yeai. The mean of these 
two, gives the length S6Sd. 6k. &. ss'. But the lenglli of a sideieal yeai C 

generally been deteimined flom the length of a tiopical year, found as we shall 
now proceed to explain. 


un me Tropical Year. 

142. Observe tlie meiidian altitude (a) of the sun on tlie day nearest to the 
q inon , then fte next yeai take its mendian alutude on two followuiu davs 

hence 7 fZ T » 2* houL ; 

2 *houis: the inteival aom the first of the two dsvs til 

the sun has the same declinahon as at the obseivaboii the year beford/bwame 
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at that time the sun’s dechnation incieases uniformly. Hence we find the tune 
when the sun’s place m the ecliptic had the same situation in icspect to the 
equinoctial points, which it had at the time of the obseivation the yeai befbie. 
Therefoie this 4th teim being added to the numbei of days between the two 
first observations, gives the length of a tiopical year. If instead of lepcating 
the second obseivation the next year, tlieie be aninteival of seveial yeais, and 
you divide the inteival between the times when the dechnation was found to be 
the same, by the numbei of yeais, you will get the time moie exactly. Cas- 
sim^s JS&jn. d^Astron. pag. 204. 

Ex. M. Cassini informs us, that on Maich 20, 16Y2, his Fathci obser\cd 
the meridian altitude of the sun’s upper limb at the Royal Obscrvatoiy at Pans, 
to bo 41°. 4S', and on Maich 20, 1716, he himself obseived the mciidian al- 
titude of the iippci limb, to be 41°. 27'. 10"; and on the 21st to be 41° .51'. 
Hence, the difference of the two latter altitudes was 23'. 50", and of the two 
former 15'. SO", hence, 23'. SO" . 15'. SO";* 24 houis • is/i 56'. 3£)", thcrclbie 
on March 20, 1716, at IS^. 56'. S9" the sun’s declination was the siune as on 
March 20, 1672. Now the interval between these two observations was 44 
years, of which 34 consisted of 365 days each, and 10 of 366 , theiefbre tlic 
interval in days was 16070 ; hence, the whole inteival between the equal de- 
clinations was 16070 days ISh. 56'. 39", which divided by 44, gives S6Sd. SZr. 
49'. 0". 53'" the length of a tropical year from these obseivations. 

But when we determine the length of a tropical or solar year ftom the times 
of the equinoxes, it will want a coirection to give the length of a mean tio- 
pical or mean solai yeai ; because, fi om the motion of the sun’s apogee, the 
equation of the orbit at the equinox is not the same in different yeais, which 
will affect die time of the return of the sun to the same mean longitude ; and 
therefore will make the apparent solai year different from the mean solai yeai. 
Ehis correction therefoie gives the time that would have elapsed between the 
equinoxes, if the apogee had been fixed ; this is called the mean solai ycai To 
apply diis correction to the last Example, we proceed thus 
On Maich 20, 1672, the place of the sun’s apogee was 3a 7°. 7'. 6" by Cas- 
sini, theiefbie the sun’s true anomaly was 8a. 22° 52'. 54"; from which wc find 
that the equation of llie centei, or the difference between the tiuc and mean 
anomaly, was 1°. 54'. 42", showing how much the true anomaly exceeds the 
mean; subtract this from Oa. 0°. O'. O" and we get 11a. 28°. 5'. 18" for the mean 
longitude of the sun at the time of the equinox. The place of sun’s apogee 
on March 20, 1716, was 3a. 7°. 52'. 23", and theiefore its true anomaly was 
8a. 22°. 7'. 37", from which the equation of the centei was 1°. 54'. 29", which 
subtiacted from Oa. 0°. o'. 0" gives 11a. 28°. 5'. 31" for the mean longitude of the 
Bim at die eqiunox in 1716. Hence, the sun’s mean place at the equinox m 


r 


FEOM OBSERVATION, AND THE OBLIQUITY OP THE ECLIPTIC. 


53 


Uie spiing 1716 is greatei by 13" than in 1672, and this answers to 5'. 16" in 
time , in this inteival of time theiefoie (44 yeais), theie have been 44 mean 
1 evolutions +5'. 16", and consequently 44 appaient solar yeais are greater by 
5'. 16" than 44 mean , divide this by 44, tlie number of yeais in the inteival, 
and it gives 7". 11'" foi the length of the apparent above the mean solai year, 
Now the length of the apparent solar year was determined to be 36Sd. 5h. 49'. 
0". 33"', hence, fiom these observations, the length of the mean solar year is 
365d. 5h. 48'. 53". 42'". 

143. The length of a tropical year may also be found by obseiving the exact 
time of the equinoxes. To do this we must previously know the latitude of 
the place, from which we shall know the altitude of the point of the equator 
on the meridian, it being equal (87) to the complement of latitude. Take 
the meridian altitude of the sun’s center on two days, one when it is less than 
the complement of latitude and the other wben greater j then the sun must 
have passed the equator in the intermediate time. Take the diflference (D) be- 
tween these altitudes and it gives the incieasc of the sun’s decimation in 24 
hours , take also the diflfeience (rf) between the altitude on the first day and 
the complement of latitude, and then say, D d 24 hours : to the time from 
noon on the first day till the sun came to the equator. Repeat this when the 
sun returns to the same equinox, and the interval of the times gives the length 
of a tropical year. If an interval of several years be taken, and you divide 
by the number, it will give the time moie accurately. If we take a difference 
of two days, the third term must be 48/i. The same may be done by one ob- 
servation, if we know the rate at which the sun changes its dechnafaon in 24 
hours, which at the equinox in spring time is found, by the mean of a great 
number of observations, to be 23'. 4Cy', and in the autumn to be 23'. 28". 
Cassim's Elem. d*Astr. pag. 207. 

Ex. On March 20, 1672, the sun’s meridian altitude at the Royal Observa- 
tory at Pans was observed to be 41°. 25'. 36", from which subtract 41°. 9'. 30" 
the meridian altitude of the equator, and there remains 16'. 6" Ibi tho sun’s de- 
clination', hence, 23'. 40" . 16'. 6" 24 hours 16/<. 19', the sun’s distance in 

time fiom the equinox, which, as die sun was past the equinox, subtracted 
from the 20th gives the 19th day 7A. 41' for the time of die equinox. And m 
1731 the time of the equinox was found, in the same manner, to be on Mar. 
20, at 14/i. 45'. In this interval of 59 years dieie were 13 bissextiles, and con- 
sequentiy the whole number of days in the 59 years was 21548, and theiefore 
die whole inteival between the two equinoxes was 21549c?. 7/l 4', which di- 
vided by 59 gives the length of the apparent solar year S65c?. 5h. 48'. 53"j firora 
this subtract 7", the vanation of the equation of the orbit in the interval of the 
observations, and we have the mean length of the solar year S63d. Sh. 48'. 46". 
'The interval has here been taken between the true equinoxes, whereas we want 
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to get the length of a tropical ycai between the mean equinoxes in oidei to get 
the length of a mean tropical year. But in taking a long interval of time, 
liie diffeience, whether we take the tiue or mean equinox, will be insensible. 
Another correction might also be added, when we compare the modern ob- 
seivations with the ancient ones, on account of tlie precession of the equi- 
noxes being greater now than it was then. Fiom the modem observations the 
length of a moan solar year appears to be 2",6 less than that which is deduced 
fioin comparing the same observations with those of Hipparchus. 

144). As die sun’s dechnation at the equinoxes changes about 24' in 24 hours, 
an eiior of 10" in the altitude of the sun will cause an error of 10 minutes in 
the determination of the time of the equinox, and consequently the same eiioi 
m the length of the ycai, if it were determined by 2 observations at the in- 
terval only of 1 year, but if the interval were 60 years, the ciroi would be 
only 10 seconds. As the accuracy tlieiefoie is very much increased by taking 
a long interval, let us coinpaie the most ancient observations with the mo- 
dern ones. 

Hipparchus, in the year 145 before J. C. found the time of the equinox 
to be on March 24, at 11//. 55' in the morning at Alexandria. In the year 
17S5, at the Royal Observatory at Pans the time of the equinox was found to 
be on March 20, at 14A 20'. 40". Now the difference of die meiidians be- 
tween Paris and Alexandria is, in time, Ih. 51'. 46", which, as Alexandria lies 
to the east of Pans, being added to liJt. 20'. 40" gives 16//. 12'. 26" the time 
at Alexandria. Reduce this time to the Julian year, by subtracting ll days by 
which the Gregorian is before the Julian, and we have the time of tlie equinox 
by this style, on March 10, at 4//. 12'. 26" in the morning. Between these 
two obseivahons there was an intoival of 1880 Julian yeais, except I4d. 1/i. 
42'. 34". In these years there were 470 bissextiles and the rest common Julian 
years of 365 days. Therefore if we divide 14c?. 7//. 42'. 34" by 1880 it gives 
10'. 58". 10"', showing how much the apparent solar year is less than 365 days 
6 hours j hence, the length of the apparent solai year is 365c/. 5//. 49'. i". 50'", 
to which add 6". 30'", being what the apparent is less than the mean solar year, 
found as before, and we get 365c/. 5//. 49'. 8". 20'" the length of the mean solar 
year from these observations. The mean of 10 results from different obseiva- 
tions made by Hipparchus, compared with the modem ones, gives the Jengtli 
of the ifttean solar year 365c/. 5/i. 48'. 49". 

145. The length of the yeai may also be found by finding the tune when 
the sun comes to the tropic. For let ADLhc tlie equatoi, ASL the ecliptic, 
A aries; find the time (119) when the sun has the same declination »iu, on 
each side of tlie tropic 8, and at the same time® find also the differences of its 
right ascension and that of a fixed star s, the sum or difference of which 
vzy according to the position of z, measures the motion pw of the sun in right 
ascension, the half of which is wD f'/SD, being perpendicular to AL J, 
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hence we shall get Dz which xs equal to wDX'a'z. Now to find when the 
sun comes to D, observe its right ascension at a-, eitlier the day before oi day 
aftei the solstice, compaied with the same stai, and you have the difier- 
ence between which and Dz, is Dx. Observe also the inci ease Cd) of the 
sun’s nght ascension at that time m 24 houis, then d xD 24>h : the time of 
the passage of the sun fiom x to D, which added to oi subtiacted from the time 
at X, according as vx is less oi greatei than vD, gives the time when the sun 

in right ascension is at D, or when it is in the solstice S. Cassini's Elem, 
d^Astron. pag. 238. 


Ex. Accoiding to Cassini on May 29, lYSY, the altitude of the sun’s up- 
per hmb, when it passed the meiidian, was 63° 6'. On July 14, its altitude 
on the meridian was 63. 7', and on the I5th it was 62°. 57'. 35" it was there 
foie diminished 9'. 25" in one day, and on the 141h its altitude was l' greatei 
than on May 29; h^ce 9'. 25" ; l' 24^. : 2A. 32'. 55", which added to the 14tli 
gives 2h. 32. 55" for the time when the altitude, and consequently the declina- 
tion, was the same as on May 29. On the same May 29, the difteience vz of 
the light ascension of the sun and Simis was 32°. 9'. 8", On July 14, the differ- 
ence was 15°. 16'. 4" when the sun was on the meiidian, and as the increase of 
the sun’s light ascension was then 1°. O'. 45" in 24 houis, we have 24/i • Qk 32' 
f e 40',wh.chaddedtol5M6-.*“g.v;s»=.5».22';«-ft; 

1 erence of the right ascensions of the sun and Sinus on July 14, at 2/i. 32. 55". 
But as Sinus passed the meiidian before the sun, z in tins case will fall between 
^ and re;, and theiefoie t;tt;=»5(-i-2;wi=47°. 31'. 52", hence, Do; =23° 45' 56" 
horn which take aa; and we get Z>^=8°. 23'. 12" the distance of Sinus in nght 

now on June 21, Sinus passed the mendian at 
OA. 33. 34, at which fame the diffeience of its right ascension and that 
of the sun was 8. 23. 30", and consequently et-2)=:i 8", showing what the 
sun wants in right ascension of the solstice. Now taking the inciease of the 
sun s right ascension at that fame to be 62',25 in 24 hours, we have 62',25 • 
18 24/1. 6. 56 , which added to Oh. 33'. 34" gives Oh. 40'. 30" on the 2ist 

for the fame of the solstice. Hence, by finding theinteival of two solstices, 
we get the length of a tiopical year. After getting the apparent solar year, 
we get the mean solar year, by applying to it the vanation of the equLon 

of the centei, for the same reason that we made a similar correction at the 
equinoxes. 

M. Cassini, by comparing a solstice observed at Athens on June 27, 431 
years brfoie J. C. -mth one observed at Pans on June 21, 1717, found tile 

obseived at Aleaandiiaon June 24, 140 years after J. C. with one oLervfd at 
Pam on June 20, 1 732, the length was found S6Sd. sk 47'. 36". By 
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observed at Nuiembeig in 1487, 1493, 1498, 1503, and one at Pans on 1731, 
the length is found to be 365d. Sh. 48'. 3l". By compaung 14 solstices ob- 
seived at Uranibourg with as many observed at Pans, he found the length of 
the mean solai year to be 365d. 5h. 48'. 52". The accuiacy of these obsciv- 
ations appeals fiom hence, that of the 14 dctciminations, only 1 difieicd20", 

1 diifered 15", 1 differed 1 1", and all the otheis less. 

' If we take a mean of all the mean solar yeais as deteunined by Cassini 
from the equinoxes, leaving out 2 which differ veiy much fiom all the icst, 
we have the length of a mean solar yeai S65d. 5h. 48'. 5l"i-. If we do the 
same by those determined from the solstices, the length comes out S65d. 5h. 
48'. 42"^ j die mean of which gives 365d. 5h. 48'. 47" the length of a mean solai 
year. 

146. M. dela Lande, in a Piece entitled Memoire sur la veritabk Longueur 
deV Annk Aiironomiquey which gained the pnze pioposedby the Royal Society 

• at Copenhagen for the year 1780, has, by coinpaiing a great numbei of the 
most distant observations, and those which could be most depended upon for 
their accuracy, determined the length of the mean solar year to be 365d. Sfi. 
48'. 48", differing only i" from our determination from Cassini. 

To find, the Precession of the Equinoxes Jrom Observation. 

147. The sun leturmng to die equinox every year before it letuins to the 
same point of the Heavens, shows that the equinoctial points have a letiogiade 
motion, which, as we shall prove, aiises from the motion of the equator, 

' caused by the attiaction of die sun and moon upon the earth m consequence 
of Its sphoioidical figuie. The effect of this is, that the longitude of the stais 
must constantly incieasej and hence by coinpaiing the longitude of the same 
stars at different htnes, the motion of the equmocUal points, or the precession 
of the equinoxes, may be found. 

148. Hipparchus was the fiist person who obseived this motion, hy com- 
paling his own obscivations with those which Timocharis made 155 ycais 
before. Prom this he judged the motion to be one degree in about 100 yeais ; 
but he doubted whether the obseivations of Timocharis were accuiatc enough 
to deduce any conclusion to be depended upon. In die yeai 128 belbie J. C. 
he fonttddie longitude of Virgin’s Spike to be 5s. 24°; and in the yeai 1750 
Its longitude was found to be 6s. 20°. 21', the diffeience of which is 26°. 21'. 
In the same year he found die longitude of the Lion’s Heart to be 3s. 29°. 
50', and in 1750 it was 45. 26°. 21', the difference of which is 26°. 31'. The 
mean of these two gives 26°. 26' for the inciease of longitude m 1878 years,^ 
or 50". 40"' in a year, for the precession. By companng the observations of 
d’AxBATEGNius in the year 878 with those made in 1738, thepiecession appears 
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to be 51". 9"'. Fiom a compaiison bf 15 obseivations of Tycho witli as many 
made by M. de H Caille, the pieccssion is found to be 50' 20'". But M. cle 
la Lande, from the obseivations of M. de la Caxlle compaied witli those in 
Fiamstead^s Catalogue, detei mines the seculai piecession. to be 1°. 23'. 4t5", oi 
50",25 in a year. 

149. The precession being given, and also the length of a tiopical ycai, the 
length of a sidereal year may be found by this piopoitiou, 360° — 50",25 : 
360°. sesd. 5h. 48'. 48" SG5c?. 6/?. 9'. il"^ the length of the sidereal yeai. 

On the Ammalisiic Year. 

150. The year, called the anomalidtc yeai, is sometimes used by Astiono- 
niers, and is the tune fiom the sun’s leaving its apogee till it retuins to it. 
Now the motion of the stu’s apogee is 1'. 2" every yeai, in longitude, or in 
1 espect to tlie equinox, ac-coiding to M delaLANDE: thcicfore l'. 2"-50",25 
= ll",75 the progiessive motion of the apogee in a yeai, and hence the ano- 
malistic must be Jongei than the sidereal year by the tune the sun takes in 
moving ovei ll",75 oflong'tude at his apogee; but when the sun is in its 
apogee, its motion in loiigit” lo is 50'. 1 3" in 24 houis; hence, 58'. 13" , ii ",75 
:.24 hours ; 4'. 50"=, which added to 3C5c?. U 9'. 11,}" gives SGSd. Gk. 14'. 
2"‘ for the length of the anomalistic yeai. AI. dc la Lande determined this 
motion of the apogee, from the obscrvilioi'*' of Jf, dc la IIiee and those of 
Dr. Masked YNE. Cassini made it tlic sam j. MAVisa made it l'. 6" in his 
Tables. 


On the OUtquity of the iloViflic, 

151. The method used by Astronomers to determine the obliquity of the 
ecliptic IS that explained in Alt. 86. by lakuig half the chfteience of the 
gicatcst and least moiulian aliitiides of the sun. The following is the obhquitv 
as detenninccl by diflcient Abtionoincib. ^ 


Eratosthenes 230 years he/oi'e J. C. 
HiPi’ARciitJS 140 yeais before J. C. - 
Ptolemy 140 yeai s if ter L C. 

Pappus ui the year 390 - - , 

Albategnius in 880 - - . 

Aezachel in 1070 
PROPHATIUSin 1300 - 

Regiomontanus m 1460 . - - 

Copernicus in 1500 - 
Waltiierus in 1490 
Tycho in 1587 - . - . 


23 °. 51 '. 20 " 
23 . 51 . 20 
23 . 51 . 10 
23 . SO . O 
23 . 35 . 40 
23 . 34 . O 
23 . 32 . 0 
23 . .30 . O 
23 . 28 . 24 
23 . 29 . 47 
23 . 29 . SO 
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Cassini (the Fathei) in 1656 - 

23°. 

. 29'. 

2" 

Cassini (the Son) in 1672 - 

- 23 , 

, 28. 

54 

Flamstead in 1690 

23 . 

. 28. 

48 

De la Cailll in 1750 

- 23 . 

. 28. 

19 

Di. Bradlei in 1750 

23 . 

. 28. 

18 

Mayer m 1750 _ - - - 

- 23 . 

28. 

18 

Di. Maskelyne in 1769 - 

23 , 

. 28. 

8,, 

M. de la Lande in 1786 

- 23. 

. 28. 

0 


The observations ol‘ AlBategnius, an Arabian, aie lieie coriected foi re- 
fiaction. Those of Waltherus, M. de la Caille computed. The obliquity 
by Tycho is licic put doivn as conecdy computed fiom lus obseivations. 
Also the obliquity, as dcteimined by Flamstead, is collected for the nutation 
o/‘ the earth’s axis. These coirections M. de la Lands applied. 

152. It 13 manifest from the above observations, that the obliquity of the 
ecliptic keeps diimnislung; and tlie iiicgulaiity which heic appeals in the dimi- 
nution we may ascribe to the inaccuracy the ancient obseivations, as we 
know that they aie subject to greater ciTors than the iiregulaiity of this varia- 
tion. If we compare the first and last observations, they give a dmiinulion of 
70" in 100 yeais. If we compare the last with that of Tycho, it gives 4.5". 
The last compared with that of Flamstead gives 50". If wc compaic that of 
Dr. MasEelyne with Dr. Bradley’s and Mayer’s it gives 50". The compau- 
son of Dr. Maskelyne’s determination, with that of M. de la Lande, which 
he took as the mean of several results, gives 50". We may therefoie state the 
.scculai diminution of the obliquity of the ecliptic, at this time, to he 50", as de- 
tei mined from the most acciuate obseivations. This result agiecs vcij^ well 
with that deduced firoin tlieoiy, as will he shown when we come to treat of the 
physical cause of this diminution. It must however be observed, that some 
eminent Astronomers use 50l\25. / 


CHAP. VI. 


ON PARALLAX 

Art. 153. The cenlci of the earth clesciihcs that circle in the Heavens 
■which is called the ecliptic, hut as the same object would appear in different 
positions in respect to this circle, when seen from the center and surface. 
Astronomers always reduce then observations to what they would have been, 
if they had been made at the center of the earth, in consequence of •which, 
the places of the heavenly bodies are computed as seen horn the ecliptic, and 
it becomes a fixed point for that purpose, on -whalcvcr part of tire eaitli’s sur- 
face the observations arc made. 

154-. Let C be the center of the earth, A the place of tire spectator on its 
surface, S any object, ZH the sphere of the fixed stais, to wlncli the places ol' 
all the bodies in oui system are icfeiicd, Z the zenith, II the hoiizoii; draw 
eSm, ASn, and m is the place seen fiom the centci, and 7i fioiii the sur- 
face. Now the plane SAC passing tluough the center of lire earth must be 
perpendicular to its surface, and consequently it will pass tluough the zenith 
Z, and the points m, n lying in the same plane, the aic of parallax mi must 
he in a ciicle peipcudiculai to the hoiizon, and hence the azimuth is not 
affected, if the eaith be a sphere. Now the parallax mn is nicasuied by the 
angle mSn or ^SC., and by trig. CS : CA., sin. SAC or SAZ sin. ASC the 

parallax = As CA is constant, supposing the earth to be a 

sphei c, the sine of the parallax varies as the sine of the apparent zenith distance 
directly, and the distance of the body from the center of the earth inversely. 
Hence, a body in tlic zenith has no parallax, and at s in the honzon it is 
die gieatcst. If the object be at an indefinitely gicat distance, it has no pa- 
rallax, hence the apparent places of the fixed stars aic not altered by it. As 
n IS the apparent place, and m is called the true place, the parallax dcpiesses 
an object in a vertical circle. For the .same body at different altitudes, the 
parallax vanes as the sine (.s) of the apparent zenith di stance j therefore if 
the horizontal paiallax, and ladius be unity, tlw sine ad the parallax 
To ascertain tlierefore the paiallax at all altitudes, wc must first find it at 
some given altitude. 

155. First method, foi the sun. Akistarciius proposed to find the sun’s 
paiallax, by observing its elongation fiom the moon at tlic instant it is dicho- 
tomized, at which tune the angle at the moon is a light angle, theicfore 
should kno'w' the angle wlncli the distance of the moon .subtends at tlie sun, 
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which diininished in the ratio of the moon’s distance fiom the earth’s center 
to the ladius of the eaith, would give the sun’s hoiizontal parallax. But a 
veiy small error in tlic tune when the moon is dichotomized, (and it is impos- 
sible to be veiyaccuiate in this) will make so veiy gieat an eiroi in the sun’s 
paiallax, that nothing can be depended upon from it. Vendeiinus dctei- 
mined the angle of elongation when the moon was dichotomized to be 89°. 45', 
fiom which tile sun’s parallax was found to be 15". But P. Riccioli found 
It to he 28" or SO" from like obseivations. 

156. Second method. Hippaechus pioposed to find the sun’s parallax fiom 
a lunar eclipse, by the following inetiiod. Let S be the sun, JS the earth, 
JSv the length of its shadow, mr the path of the moon in a central eclipse. 
Obseive the length of tins eclipse, and then, from knowing the peiiodic 
time of the moon, tlic angle mEr, and consequently n£r, will be known. 
Now the hoiizontal paiallax Er£ of the moon being known, we have the angle 
Ew'zz ErB—nEr; hence we know EAB=AES—Evr=AES—ErB-^nEr; 
that is, the sun’s horizontal parallax = the apparent semidiameter of the sun— • 
the hoiizontal paiallax of tlie moon + the semidiameter of the eaith’s shadow 
where the moon passes through. 'The objection to this method is, the great 
difficulty of determining the angle nEr with sufficient accuracy ; for any error 
in that angle will make the same error in the sun’s parallax, the otliei quan- 
tities remaimng the same. By this method Ptolemy made the sun’s horizon- 
tal parallax 2'. 50". Tycho made it S'. 

157. Third method, for the moon. Take the mendian altitudes of the moon, 
when it is at its greatest north and south latitudes, and correct themfoi icfrac- 
tion j then the difference of the altitudes, thus collected, would be equal to the 
sum of the two latitudes of the moon, if theie were no paiallax; consequently 
the difference between the sum of the two latitudes and the difference of the 
altitudes will be the difference between the pamlUkes at the two altitudes. 
Now to find from thence the parallax itselfj let S, ^ nfc the sines of the gieatcst 
and least apparent zemth distances, P, p the sines of the coriesponding paral- 
laxes, then as, when the distance is given, the paiallax vanes (154) as the sine 

of the zenith distance, S .$. P p, hence, S—s s' P—p p=~J—lP 

jj 

the paiallax at the greatest altitude. This supposes that the moon is at the 
same distance in both cases, but as this will not necessaiily happen, we must 
conect one of the obseivations iii oidei to reduce it to what it would have been, 
had the distance been the same. If the obseivations be made in those places 
wheie tile moon passes thiough the zenith in one of the obseivations, the 
(liffeience between the sura of the two latitudes and the zenith distance at the 
pther obseivation, wi^ be the parallax at that altitude. 
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15S. Fourth method. Let a body P be observed from two places A, B in fig. 
the same meiidian, then the whole angle APB is the etFcct of paiallax between 28. 
the two places. The paiallax (154) APCz:zhor. par. x sin. PAL, taking ABC 
foi sin. APC, and the paiallax BPCsz hor. par. x sin PBM; hence hor. par. x 
sin. PAL +,sin. PBAI=. APB, .'.hor. par. =APB divided by the sum of these 
two sines. If the two places be not in the same meridian it does not signify, 
piovided we know how much the altitude vanes fioin the change of declina- 
tion of the body in the inteival of the passages ovei the meiidians. 

Ex. On Oct. 5, 1751, M. de la Caille, at the Cape of Good Hope, ob- 
served Mars to be l'. 25", 8 below the parallel of ^ in aquanus, and at 25° dis- 
tance fiom the zenith. On the same day at Stockholm, Mars was obscived to 
be l'. 57",7 below the paiallel of and at 68° 14' zenith distance. Hence the 
angle APB is 3l",9, and tlie sines of the zenith distances being 0,4226 and 
0,9287, the hoiizontal parallax was 23", 6. Hence, if the latio of the distance 
of the earth fiom Mars to its distance fiom tlie sun be found, we shall have the 
sun’s hoiizontal paiallax. Now from conipaiing the altitudes of the northern 
limb of Mars with stars nearly in the same parallel observed on the same days 
at the Cape and at Greenwich, Bologna, Paris, Stockholm, Upsal, Hernosand, 
the mean of tlie whole gave 10",2 for the horizontal paiallax of the sun , and 
1 ejecting those results which diffeied the most from the rest, the mean was 9", 

842. From the mean of another set of obseivations, the result was 9",575. 

Fiom the mean of several obseivations on Ve9Uis made m like manner, the pa- 
rallax came out 10",38. The mean of the three last gives 9",9S for the hoii- 
zontal parallax of the sun. Flamstead, fiom an observation on Mars, con- 
cluded the sun’s parallax could not be more than 10". Maraldi found the 
same. From the observations of Pound, and Dr, Bradley, Dr. Halley Ibund 
it never greatei than 12" noi less than 9" Cassini, horn his observations on 
Mars, found it to be between li" and 15". But the most accurate method of 
determining the sun’s parallax is fiom the transit of Venus over its disc, as will 
be explained when we tieat on that subject. 

159. If the eaith be a spheroid, let E be the equator; draw GAv, HBt 
perpendicular to die surface, and compute the angles CAv or LAG, and CBr 
01 MBH hy the Rule which we shall give, when we tieat of the figuie of the 
eaith, subtract these fiom the obsci ved zenith distances PAG, PBIT, and we 
have the angles PAL, PBM. Now CP : CA : sin. CAP or PAL ; sin. 

. CA X sin. PAL 

APC= grp , also, CP . CB sin. CBP oi PBM sin. BPC- 

CB X sin. PBM , , ,, 

QP , and as the parallax is veiy small, the Sum of the two sines 

Witt be very nearly the sine of the sum, ihcrefoie the sine of JPB=. 
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FIG. 

29. 


5 hence, CP ■. 


, CAxsm.PJiL + CBx mx.PBM 
sin. APB 


CA X dn.PAL + CBx 8in.PBM 
CP 

160. Ftfth method. Let EQ be the equator, P its pole, ithe zenitli, v 
the true place of the body and r the appaient place as depiessed bj paiallax in 
the veitical circle ZK, and diaw the secondaries Pw, Prb , then is the pa- 
rallax in nght ascension, and rs in declination. Now w . >vs *1 (lad ) sin. vrs 
or ZvP, and t>s cib‘,'. cos. va ; l (13); hence, cr . aJ;;cos. va sin. ZvP • 

, wxsm. ZwP 

= ' COS.W ’ w = hor.par. x sin »ZCl54), and (Tug. Ait. 221.) sin. 

vZ sin.^P; : sm. ZPv sin. Zk)P = s'ln^ i)Z > iJieiefore by substitu- 

X „ _r hor.par.xsin.ZPxsin.ZPv 

non, ao,. cosTm * Hence foi the same stai, whoie the 

hor.^ar. is given, the paiallax m nght ascension vanes as the sine of the hour 

angle. Also the hor.par. — gp y saiTZPv' th’c eastern hemisphere, 

the apparent place b lies on the equator to the east of a the tine place, and 
therefore the right ascension is diminished by parallax , but in the western hc- 
mispheie, b lies to the west of <z, and theiefoiethe nght ascension is inci eased. 
Hence, if the right ascension be taken beibie and after the meiidian, die whole 
change of paiaUax in right ascension between the two observations is the sum 

(^) of the two paits before and after the meiidian, and the kor. 

^ m.ZPxS 

where S — sum of sines of the two hour angles. 

161. To apply tins Rule, obseive the right ascension of the planet when it 
passes the meridian, compaied with that of a fixed star, at which tune thcic 
is no parallax in nght ascension ; about 6 hours after,^ take tlie difference of 
then nght ascensions again, and obseive how much the dilpeience (d^ between 
the apparent right ascensions of the planet and fixed stai has changed in that 
time. Next observe the light ascension of the planet for 3 or 4 days when it 
passes the mendian, in order to get its true motion in light ascension , tlicn if 
its motion in right ascension in the above inteival of time between the taking 
of the right ascensions of the fixed stai and planet on and off tlie meiidian be 
equal to d, the planet has no parallax in iiglit ascension , but if it be not equal 
to dy the difference is the parallax in right ascension, and hence, by the last 
Article, the horizontal parallax will be known. Or one obscivation may be 
made as long befoie the planet comes to the meridian, by which a greater dif- 
ference will be obtained. 


Ex. On August 1719, Mars was very neai a star of the !>th magnitude 
in the eastern shouldei of aquaiius, and at 9A. 18' in the evening. Mars fol- 
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lowed the star in 10'. 17 ", and on the 16th at 4/i. 21' in the morning it followed 
it in 10'. 1 ", theiefoie in that mteival, the ajipaiait light ascension of Mais 
had inci eased 16" in time. But accoiding to obseuations made in the meri- 
dian foi sevcial days after, it appealed, that Mais approached the star only 14" 
in that time, fiom its pioper motion, theiefoie 2" in time, or 30" in motion, is 
the effect of paiallax in the inteival oi‘ the obscivations. Now the dechnation 
of Mais was 15°, the co-latitude 41°. 10', and the two houi angles 49°. 15' and 

56°. 39'; thercfoie the hor.par. = — —— — —27-I-" 

But at that time, the distance of the eaith from Mais was to its distance fiom 
the sun as 37 to 100, and theieforc the sun’s hoiizontal parallax comes out 
10",17. 

162. When Di. Maskelyne was at St. Helena and Barbadoes, he made se- 
veial observations of this kind on the moon, m older to deteiminc her hon- 
zontal parallax; and he furthei observes, « that if the like obscivations wcie 
lepeated in diffcicnt parts of the caith, it would piobably afford the best means, 
yet proposed, for asceitainiug the tiue figure of the cartli, as they would do- 
teimme the ratio of the diameteis of the parallels of latitude to each otlicr 
the horaiy parallaxes being in pioportion thereto : Bor though the caith affords 
but a small base at the moon, yet, by icpcating these trials, and comparing 
the lesults, we may hope to attain that dcgice of exactness, which we could 
nevei expect fiom lewex obscivations/' 

parallax in right ascension and declination, it 
latitude and longitude of the moon and planets must also 
fleeted by it ; and as the determination of this, in respect to the moon, is 

of great importance, we shall p^o! 
ceed to show how to compute it, supposing that we have given the latitude of 
the place, the time, and consequently the sun’s light ascension, the moon’s 
true latitude and longitude, with her horizontal paiallax. 

164. Let IIZR be the raeiidian, vEQ the equator, p its pole; vC the 
echptic, R Its pole , v the fii-st point of arics, HQR the horizon, .J^thezenith, 

^ m hoiizon passing through the tiuc place r and appaient 

encTe It'd. 5?°“’ ‘^^tmall 

rl midir/ r ® ^ A and draw the small circle 

In Wude P-r-Uax in latitude, and o.the parallax 

longitude. Diaw the gi eat ciicles Pt, PZABy Ppde, and perpendi- 

ai 0 pe; then as vP=9(/, and ^^ = 90°, v must (4) be the pole of Pnefc 

and theiefoie = 90°; consequently r/ is one of the soisticial pLs ^ of ^ 

oJlf^rr • f andjoinZv,pcr. Now ^1, 01 tlie an^^^ 

rpE, 01 Zp^, IS the nght ascension of tlie mid-heaven, which is known ( 106 ); 


riu. 

SO. 
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PZ= AB (because AZ is tlie complement of both) tlic altitude of the highest 
points of the ecliptic above the hoiizon, called the nonagesimal degree, aiul 
ortho angle vPA is its longitude. Now in tlie right angled tiiangle 
ZplV, wo have Zp the co-latitude of the place, and the angle ZpW, the dif- 
feionce between the light ascension ol the inid-heavcn c^pE and hence, 
(Tug. Alt- 212.) cot. p.Z lad : cos. p . tan. pTV, ilxQioioie PJV=pW^pP, 
wheiethe uppei sign is to be taken when the right ascension of the inul-hcaven 
islesstlian 180°, and the under, when gi cater. Also, in the tuangles WZp, 
WZP, (Tng. Alt. 2S1.) sm Wp ; sin^TP cot. JFpZ . cot. WPZ, oi tan! 
APv) and as we know cy^o, oi tfPo, the tiue longitude of the moon, we know 
APo, 01 ZPr. Also (Tug. Art. 219.) cos. WPZ, oi sm. APZ, : lad. ::tan. 
JFP tan. ZP. Hence, in the tiiangle Zi P, we know ZP, Pr and the angle 
P, fiom which the angle ZrP or trs, and Zr maj- be found , foi in the light 
angled tiiangJe ZP.v, wc know ZP and the angle P, to findP^r; thercfoie wo 
know rx, and hence (Ti ig. Art 231 ) wc may find the angle Zrx, with which, 
and rx, we may find Zr the true zenith distance , to which, as if it were the 
apparent zenith distance, find the paiallax (154) and add to it, and you will 
get veiy nearly tlie apparent zenith distance, conesponding to which, find the 
paiaUax rt , then in the light angled tuangle which may be considcied as 
plane, wc know rt and the angle r, to find rs the paiallax in latitude ; find also 
is, which multiplied (108) by the secant of tc^, tlie appaient latitude, gives the 
aic ov, the paiallax in hngtlude. 


Ex. On Januaiy 1, 1771, at 9h. apparent time, in lat. 53°N.the moon’s true 
longitude was 3,s. 18°. 27'. 3,5", and latitude 4°. 5'. 30"S. and its houzoutal pa- 
lalJax 61'. 9", to find its pai-alUx in latitude and longitude. 

The sun’s nglit ascension was 282°. 22'. 2" by the Tables, and its distance 
fiom the meridian 135°, also (106) the light ascension of the mid-heaveu 
was 57°. 22'. 2"; hence, the whole operation for the solution of the tuamdes 
may stand thus. ® 


'ZpPF^ 32°. 37'. 58" 
YZp =37. 0. O 

^ }jpW = 32 . 23 . 57 




cos 9.9253864 
tan. 9.8871144 

tan. 9.8025008 


Pp = 23. 28. O 

^ PW = 55. 51. 57 

^ 

^ ,pW - S2. 23. 57 

\ PW = 55. 51 . 57 

\ ZpWzz 82. 37. 58 

a i 

.A \.AP<^zz 67. 29. 8 


- ^A.C. sin. 0.2709855 

- - sin. 9.9178865 

■ - cot. 10.1935941 

■ - tan. 10.3824661 
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oPcy. = 108*. 2Y'. 35" 


s 

oPA = 40. 

58 

. 27 



CAPZ= 67. 

29 

. 8 




JJVP = 55. 

51 

. 57 

- 

• 


(zp = 57 . 

56 

. 36 




(ZP = 57. 

56 

. 36 


_ 


JZPO! = 40 . 

58, 

. 27 

- 



0 

(1 

19. 

, 33 

a. 

M 


Pp = 94 . 

5. 

30 



N 

r r.y = 43 . 

45. 

~57 

m 



• 

0 

II 

19. 

33 

m 

^ 1 


^ ZPiV = 40 . 

58. 

27 




Zrx = 44 . 

1 . 

16 


^ 41 

1' 

= 44. 

1 . 

16 

* 



= 43 . 45. 

57 

m 


1 

<Zr = 53 . 

6. 

10 




Zr = 53 . 

6 . 

10 




Hoi. par. = 61 

'. 9' 

'=3669". 

. 


rt imconectcd 

= 2934"= 

:48'. 

54" 


App. zen. dist. 

Zl: 

=53°. 

55'. 

4" neaily 


Uoi.par.=: 61 '. 

.9"; 

= 3699". 



^ ^Pcir. rf coi =2965"=49'. 25" - 
J*i = 44°. 1'. 16" 

M pai. in to.=2I32"= 35', 32" 

r rt coi. = 2965" - - . 

^ WrA=:44° 1'. 16" 

g Jfa = 20Gl" = 3i' 21" 

(.Tine lat ro = 4°. 5'. SO" 

App. lat, tcz=.7() — rs~^°. 4i'. 2" 

o» par. in long. — 2067" = 34'. 27" 


sm. 9.9655700 
tan. + 10 20.1688210 

tan. 10.2032510 

tan. 10.2032555 
cos. 9.8779500 

tan. 10.0812055 


A.C. sin. 0.1600743 
sin. 9.8663144 
tan. 9.9387676 

tan. 9 9851563 

cos. -flO 19.856^95 
tan. 9.9812846 

cot. 9.8754949 

sm. 9.9029s'62 
log. 3.5645477 

log. 3.46748'39 

sm. 9.9075042 
log. 3.5645477 

log 3.4720519 
cos. 9.8567795 

log. 3 3288314 

log. 3.4720519 
sm. 9 8419369 

log. 3.3139888 

sec. 10.0014528 
log. 3 3154416 


^0-ov + rs, accoiding as the moon has N or*S 

f. I*-" '>>'= i tat t.,e 
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operation maybe rendered easier by the following Uule (the most convenient 
of any yet given) discovered by Dr. Maskelyne, but communicated without 
die demonstiation. The investigation liei e given, is by the Ecv. Dr. Bmnk- 
EEY, Pi ofessor of Astronomy at Dublin. 

Let the height II of the nonagenmal degice, or PZ, and tlic angle ZL r 
(n), the moon’s true distance fioiu the nonagesimal, be computed as befoie. 
Put P=the parallax ow in longitude, Q=the parallax at in latitude, depressing 
the moon southwards, X =the true latitude, I the apparent latitude, h the ho- 
rizontal parallax. Now 


Jience, P 


P • rn •• lad. . sin. Pr 
m rt ‘.hin. ntr : lad. 
rt h * sin Zt . lad. 
h X sin. i^tr X sin. Zt 


sin. Pi” 


.P.h * sin. ntr x sin. Zt . sin. Pr, 
ladius being unity , 

= (as sin. X sin. .?f=sin. ZPtx sin. PZ) 


h X sin. PZ X sin. ZPl h x sin. H x sin. n + 1 -narallax in Lomitude. 


mn. Pr cos. L 

Also, tn tr '. cos. rtn : lad. * sin. rtn : tan. rtn 

ir h • sin. Zt : lad. 

^ Ji sin. rtn x sin. Zt tan. j t?i x lad. 


sin. PZ X sin. ZPt : 

sin. ZPt substituUng for the thud and fourth 

•,in. Pt X cot. ZP - cos. Pt X cos. ZPP 7P_ /, v ^in PZ 

teinis then values, hence, tn=hx sin. PZ xsin. P/xcot. ZP / x 

xcos. Ptxcos. ZPt = hxcos. H X COS.Z - Ax sin IT X sin. Ixcos. n+ 1 . 
Now as the angle rPn is very small, we have ati-^ p-= (fioin the fiist 


. P’ X sin. Pr* _ I ^ p, y Pr — hPxPx sin. Pr x 
pioportion above) ■ ^ tan. PF -t / x ^ 

cos. Pr=(as, horn above, Pxsin. Pr = Ax sin. P^x sin. ZPt) ^Pxh x sin. 
H;sm.;^xsin.X, or sin, / nearly , hence, Q=ta=m-an=Jn^is. II x 
cos l-hx sin. H x sin. I x cos. n + P-hx sin. Hx^P x sin. « + 7 x sin. 1. 
Bui as P IS very small, we may ^ P the sine of ^ P, and i^sine wc may 
put=rad. = liLnce, for cos. «-hPwe may substitute cos.^i + i ^ j 7 , 
Ld for iPx sm-lTTP we m ay put sin. « + P x sin. ^ P , hence, QUixcm. 

Hxcos. i-Axsm. Ilxsm. Zxcos." 7 ^ xcos . § P +sin. « + P_>^. | P-Oe- 
canse by plane Trig. Ait. 103. cos. n + P^ cos ^P + sin^Px &m. *,P 
cos. ^)h X cos. PTx cos. l-hx sin.JTx sin. ? x cos. n+iP, lire parallax 

in expression foi the value of P, and as P is vciy small, 

» If we conceive two tangents to be drawn to Pi and Pa at r and a, and to meet, then » » may 
fce considered as the sine of ra to the length of these tangents as a radius, and theiefore, by the pro- 
l«rfy of the circle. a» = la* divided by twice the tangent. 
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. ^ h X sin. Hx m\. ^ , . „ - , ^ 

we must iiist suppose P=;: . '- f , wjucli will give a near value of 

P, then put that value into the nuinei'atoi, and you will get a very accurate 
value of P. Also, in the expiession for Q, we have the apparent latitude, 
which cannot be known without knowing Q, hence we roust <irsit got a near 
value of Q and apply it to the tiue latitude to get the apparent neaily; to do 
this, we may omit the second pait as being small, on account of sin. I being 
small foi the moon, and suppose Q = 7i x cos. H x cos. Izzhx cos. H x cos L neaiiy , 
01 when the latitude is veiy small, as is the case of the moon in solar eclipses, 
we may suppose Q=7ixcos. 11, fiom wluch we shall get the appaient latitude 
with sufficient accuiacy. 

In the application of this Rule, regaid must be had to the signs of the quan- 
tities, if «+|-P be gi cater than 90° its cosine becomes negative, in which 
case a will be the sum of the quantities, unless the appaient latitude I is south, 
in which case, its cosine will be negative, which makes the &st term negative. 
In geneial, Q will be the sum of tlie two paits, when n f -^P and tlie moon’s 
apparent distance fiom P aie, one gi cater and tlie othei less than 90°, otheiwisc 
Q wiU be the dtffiirence. The paiallax in longitude increases the longitude, if 
the body be to the east of the nonagesimal dcgice, and decreases it, if it be to 
the tsiest This Rule is moie coiicct than the othei, because in that we took 
the small ciicle ts, instead of a gicat circle fiom t, as the perpendiculai fiora 
t upon Pr produced. This eiroi, for the moon, may sometimes amount to 
about 2". It may be conccted by applying an found above. 

To apply tliis Rule to the last case, we have jf/=57'’. 56'. 36", n=40'^, 
58'. 27", x=:4°. 5'. 30" south, A =61'. 9"=3669"j hencc. 


Log. h 

Sin jj 9.9281518 

Cos. X. J.C. 0.0011084 

3.4938079 

Sin. n 9.8167176 

Log. 2044"= 34'. 4" = P nearly . - . - 3.3105255 

Theiefoie n 4-P=41°. 32'. Si"; hence, 

3.4938079 

Sin. n + P 9.8216237 

Log. 2067"=34'. 27" par. in Xongi/«de - - 3.31 54316 

Log. - -- -- -- - 3.5645477 

Cos. H 9 7248963 

Log. 2133''= 35'. 33" par. lat. nearly > ^ 8.2894440 
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4®. 5'. 30" 


4,41. 3 app. lat* neaily. 


Log. h - - - - 

3.5645477' 

Cos. H . 

- 9.7248963 

Cos. Izz4°. 41'. 3" nearly - 

9.9985470 

Log. 1941" = 32'. 21" - 

- 3.2879910 

Log. /i - 

3.5645477 

Sm. XT ... - 

. 9.9281518 

Sin. 1 . - ~ . 

8.9120258 

Cos. w+oP . . - 

- 9.8759399 

Log. 191"= 3' 11" - 

2.2806552 


second pait of Q. 


32. 21 


35 .32 pai. in Lahtude. 


'llie S2(m of the two parts is heie taken, because Pt is greater than 90“, and 
n+-^P less than 90°. 

105. Hitheito we have consideicd the effect of paiallax, upon supposition 
that the eaitli is a spheie; but as the eaith is a spheioid, having the polar 
(hainctcr shoitei than the cquatonal, it will be necessaiy to show how the com- 
putations aie to be made for this case. The following method is given by 
Claikaut 

106 Let EPQjp be the cailh, EQ the eqnatoiial and Pp tlic polai diamc- 
teis, 0 the place ot the spectatoi, IICR the rational hoiizon, to which draw 
ZONK pei pendicular, L the moon, join XO, XC, LK, and diaw CV pei- 
pendiculai to LK. Now to compaie the apparent places seen fioni 0 and C, 
let us compare the places seenfiom O and K, and from K and C. Put //nthe 
hoiizontal paaallax to die ladiiis OC, or ON which is very neaily equal to it, 
on account of the smallness of the angle CON. Let CO=J, and CN (the 
sine of CON to that iadius)=ff, /=tan. of tlie angle KCN the latitude of the 
place; then rad.= l t a ta=.NK, hence, as /<=:tho angle under which 
ON (which w'e may considci as equal to unity) appeals when seen duectly at 
the moon, we -have h x fa=:the angle iindci which NK would appeal , theiefbie 
Axl+/w=the hoiizontal paiallax of OK, consideiing thciefbic K as the 
centei of a sphei-e and KO die ladius, compute the paiallax as befbi e. Now 
as the planes of all the ciicles of declination pass thiough Pp, m estimating 
the paiallax eitlier from K or 0,the paiallax m nght ascension must be the same, 
because K and 0 lie iaj:hc plane ol' the same circle of declination j the only 
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^ffei’ence tlierefoi'e between tlie effect of parallax at K and 0 must be in decli- 
nation. Now at K, the angular distance of the moon fioin the pole P is LKP, 
and the angular distance from C is LCP, the difference of these two angles 
therefore, or CLKy is tlie difference between the paiallax in declination at K 
and at C, and this angle CLK is aVts>aijs to be added to the polai distance seen 
horn K to get the polar distance from C. Now CLKzzhxCV, but the 
angle VCK ( = iCJE)is die moon’s declination, theiefoie CV—CKx cos. dec. 

also, CK= hence, Tins tlieie- 

cos KCN = cos. lat. cos, lat. 

foie is the eq^uation of declination for the spheioid, to be applied to find 
the paiallax in dechnation seen fiom C, after having calculated the effect of 
paiallax in declination foi a spheic whose centei is K and ladius KO, Thcic is 
no equation for the paiallax in light ascension. To find how tins equation in 
declination will affect the latitude, let P be the pole of the equatoi, p the pole 
of the ecliptic, 1, the place of the moon seen fiom if, and ^ seen fiom C, then 
djy IS the equation in declination, draw Xa peipcndiculai to and is the 
equation in latitude, and the angle apL the equation m longitude Now con- 
sidering bL and 1)7. as tlie variations of the two sides Pl),pb, whilst Pp and the 
angle P icmain constant, wc liave l)L : ba- (Tug. Art. 262.) lad. . cos. b, 

or cos. Z=(Tng. A.U 2t3.)SS!:i>Z^Si.fpx hence, io=Ji=< 

Sin. Pp X sin. pb 

cos. Pp— cos. Pb X cos. pb _ hxa ^ cos. Pb cos. Pb x cos, pb _ h xa 

sin. Pb X sin. jiZ> ~ cos. lat. sin. siia."/:ii cos. lat. ^ 

■cos Pb , hxa cos. 23°. 28' ^ 

— _ ~ cos. Pb X cotan. pb= x — sin. dec. x tan. 


: 2/w2d? 


— Sin dec. 


■cos Pb , hxa cos. 23°. 28 

— cos. Pbx cotan. pb= — x sin. dec. x tan. 

sin. pb cos. lat. cos. moon s lat. 

moon*'s lat. But if CP be to CE as 1 1 +?«, and ct\ y, =:the sine and cosine 

of die latitude of the place, then a = 2mxaij, as shown in the Chaptei on the 

Piguie of the Eaith, hence, ba = '2hmax — ^3 28 

cos. moon’s lat. 

moon’s lat. The sign— becomes + if the decimation and latitude of the moon 
be of diffeient affections, tliat is, one south and the other iioith. The latitude 
heie used, is that seen fiom the ccntei of the eaith. This coriection increases 
the moon’s distance fiom the pole p of the ecliptic 

1G7. To find the conection of the longitude, or the angle Lpa, we have 


(13) La-=.Lpax sin. jpX, hence, Lpa — 


sin. pV 


but aL — hLx sin. i, and 


hy sphei. tug. sin. Pb sm. p.y sin. Pp sin. &= also. Lb 

^ sin. Pb ’ ’ 


hence, Lpa= 2hnM x P-xsin. Pp _ ^ 

un.Pb X sin. pL cos. dec. c x coilat. c 


FIG. 

S2. 
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= (as tlic COS. of the moon’s latitude maybe considcied equal to unity) ^hmsx 

^ X cos. Ion. ([ . In noitli latitude, we must add this collection to 
cos. dec. <L 

FIG. the longitude seen fioin K, when the moon is in the descending signs 8, 4, 5, 
31. 6, 7, 8, but subtract It, when mthe ascending signs 0, 1,2, 9, 10, 11, to have 

the longitude seen fioin C, and the contiary when the latitude of the place 
as south. 

168. Accoiding to the Tables of Mayer, the greatest paiallax of die moon, 
(oi when she is in her pengee and in opposition) is 61'. 32"^ the least paiallax 
(or when in hei apogee and conjunction) is 53'. 52", in the latitude of Pans; 
the arithmetical mean of these is 57'. 42", but this is not the parallax at the 
mean distance, because the parallax vanes inveisely as the distance, and theic- 
foie the paiallax at the mean distance is 57'. 24", an liarmomc mean between 
the two. M. de Lambre lecaJculatcd the parallax fioin the same obseivations 
fiom which Mayer calculated it, and found it did not exaetly agiec with 
Mayeb’s. He made tlie equatorial paiallax 57'. 1 1",4. M. de la Lande mahea 
it 57'. 5" at the cquatoi, 56'. 53",2 at the pole, and 57'. 1 " for the mean radius 
of the eaith, supposing the difference of the equatorial and polai diameters to 

be ^ of die whole. Prom the formula of Mayer, the equatoiial paiallax is 
300 

57'. ll",4 with die following equations, accoiding to M. de la Lande. 

57'. ll"s4-3'. 7", 7 cos. ano, « 

4 - 10, 0 cos. 2 ano. tc 

— 0, 3 cos. 3 ano. c 

— S7, 3 cos. arg. evcction 
-j- 0, 3 cos. 2 aig. ei'^ect. 

+ 26, 0 cos. 2 dist. id© 

— 1, 0 cos. dist. c d© 

jf 0, 2 cos. 4 dist. c d 0 

■+ 2, 0 COS. 2 (apo. « — ©) 

4 0, 2 cos. 3 (apo. C — ©) 

4 1,0 cos- (arg. evcct. 4 ano. o) 

4 0, 8 COS. (2 arg. lat. — ano. <L coi .) 

— 0, 8 cos. (2 dist. d d© —ano. ©) 

— 0, 7 cos. (2 dist. € a© 4 ano. ©) 

4 O, 6 cos. (arg. evect. — mean ano. « ) 

4 0, 4 cos. 2 ( » — o), or 2 (© 4 sup. ) 

4 0, 3 COS. mean ano. © 

4 0, 2 COS. (mean ano. « —mean ano. ©) 

4- 0, 1 cos. (2 dist. © ^ « 4 mean ano. c ) 
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16-9. Let r= J the semiaxis major, ^=:-i the semiaxis minor, n = the sme, 
m the cosine of the angle OCJ&, then, from conics, the sine of the horizontal 
polar parallax : sine of the hor. parallax at O : + f-m ' ; hence the sme 

of tlie hoi. par. atC>=-^i=x the sine of the hoi. polar parallax. If 

r 230 V 229, we have the following Table for the horizontal parallax for 
6veiy degi ee of latitude, that at the pole being unitj. 


Lat. 

Hor. Par. 

|| Lat. 

Hor. Par. 

Lat. 

Hor. Par. 

0° 

100438 

31° 

100321 

er 

100103 

1 

300438 

32 

100314 

62 

100097 

2 

100437 

33 

100307 

63 

100091 

3 

100436 

34 

100300 

64 

100085 

4 

100435 

35 

100293 

65 

100079 

5 

100434 

36 

100286 

66 

100073 

6 

100433 

37 

100279 

67 

100067 

7 

100430 

38 

100272 

68 

100062 

8 

100428 

1 39 

100265 

69 

100057 

9 

100426 

’ 40 

100257 

70 

100052 

10 

100424 

I 

100250 

71 

100047 

11 

100421 

42 

100243 

72 

100042 

12 

100418 

43 

100235 

73 

100038 

13 

10041.5 

44 

100227 

74 

100034 

14 

100412 

45 

100219 

75 

J 00030 

15 

100408 

46 

100211 

76 

100026 

15 

100404 

1 47 

100203 

77 

100023 

17 

100400 

1 48 

100195 

78 

100020 

18 

100396 

49 

100187 

! 79 

100017 

19 

100391 

50 

100180 

80 

100014 

20 

100386 

51 

100173 

81 

100012 

21 

100381 

52 

100166 

82 

100010 

22 

100376 

53 

100159 

83 

100008 

23 

100371 

54 

100152 

84 

100006 

24 

100365 

55 

100145 

85 

100004 

25 

100359 

56 

100138 

86 

100003 

26 

100353 

57 

100131 

87 

100002 

27 

100347 

58 

100124 

88 

100001 

28 

100341 

59 

100117 

89 

100000 

29 

100335 

60 

1001 10 

90 

100000 

30 

100328 








Hence, by mulyying the point paiallnx by the numbe. coiietpondmir to 
ntiy lititude. It gives the hoiiamtd patnikx at ftat latitude, ^ftom^the 
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Tbeoicm, die paiallax may be veiy easily calculated foi any othei ratio of the 
diameters of the eaith. 

FIG. 170. To find the mean distance Cs of the moon, we have AC, the mean 
radius frj of the earth, : Cs, the mean distance (DJ of the moon from the 
eaith,* sin. 57'. 1"=.4 aC (168) ; ladius 1 .60,3, consequently D= 60, Sr; 
but r = 3964 miles , hence, D = 239029 miles. 

171. According to M. de la Larde, tlie hoiizontal semidiameter of the 
moon . Its honzontal paiallax foi the mean ladius (rj of the earth 15' 
54'. 57", 4, 01 very nearly as 3 * 11, hence, the semidiametei of the moon is 

X 3964=: 1081 miles, and as the magnitudes of spherical bodies aie 
as the cubes of then ladii, we have tlie magmtudes of the moon and eaith 
as S’ 11’ 1:49. 

172. In the spheioid, besides the parallax in light ascension and declination, 
latitude and longitude, thcic is also a parallax m azimuth, and also a collection 
of the paralUx lu altitude. Toi the plane which is peipendiculai to the sui- 
^ce at 0, always passes thiough ON, and thciefoie the azimuth seen fiom 0 
01 N and fiom C must be diffeient, except when the body is on the mciidian, 
m which case the plane also passes thiough C, and the altitude seen fiom N 
must also be difteient fiom that seen fiom C. Hence, having compaied the 
paiallax between 0 and N in altitude, we shall want a collection foi the diffe- 
lence between the altitudes and azimuths seen from N and C. Let thcieforc 

FIG. jepiesent CN m fig. 31. L the moon, LCR a plane peipcndicular to 

the hoiizon, and then will NCR be the azimuth seen fiom C, draw NM pet- 
pendiculai to CR, 3IS pcipendicular to CL, and LR peipendicnlar to the 
hoiizon , and let rn and n be the sine and cosine of NCM, t the sine of MCA, 
a-CN, the sine of CON m fig 31. and c the cosine of LNR, and let d= 
the distance of the moon; then cd=.RN, viazzMN. Now the line CO in 
PIG. 31. or unity, at the distance d appears under an angle h when seen di- 
rectly; hence, h ^ . the angle NRC — ~~ the diffeiencc of tin* 
c/ cd ^ 

azimuths seen fiora C and N. Also, as the aic paiallel to the horizon be- 
tween any two secondaiics to it varies (13) as the cosine of the altitude, the 
aic of the diffeiencc of the azimuths at the altitude of the moon =/(;««=: A x 
MN Now as the plane NML i5 peipendiculai to CLM, and NM is ex- 
tremely small, tlie altitudes seen fiom N and M will not sensibly differ, hence, 
the diffeiencc between the altitudes at N and C is the angle CLM-h x^SM 
=zh X r X CM=h y.rxn>ia. If the moon be to the south of the puine verti- 
cal, we must subtract this coirection fiom the altitu^f at N to get the altitude 
at C, if it be to the north, we must add the collection 

173. But the most elegant and simple method of finding the paiallax In 
latitude and longitude on a spheroid, is the following, given by Mayeiu 


% 


The parallax at any place 0 in the spheioid is the same as on i 

I^us .8 m, Md latitude OGE; sltroa therefore the anirle Srclml 
from the folbwmg Table) flom the latitude OvM on the soLioid ^ 
get the angle OCE the latitude of the point O redueed to a Shm Ita T 
hoi^utal paiJbit^hich istoade uee of, muet be ada^ed tX' 

by diminishing the equatoiial honzontal parallax by a auant,iv7. “ 
to the difference between CE and CO. This dnnimitm^ * 7 
same Table. The latitude thus reduced nnd found in the 

found, aie to be employed in 'f h^^zontal parallax tlius 

latitude, nght ascension and declinition,^which'Tu now'be^nrr 
Rule (164) founded on the hypothesis of the Tartirbein" 

means of the Table, both the base of the paiallax and i 
place are refened to the earth’s center 
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ARGUMENT. 

Elemtion of the Pole, and Equatorial Parallas). 


Elev« 

of 

Pole- 

0° 

6 

13 

18 

Equatoiial Paiallax. 

Reduct, 
of Elcyat. 
of Pole. 

54 57' 60' 

Keduction of Paiallax 

-o",o 

0,2 

0,6 

1,4 

-0",0 
0, 2 
0,7 
1,4 

-0",0 

0,2 

0,7 

1,5 

-O'. 0" 

3. 6 

6. 4 

8. 57 

34 

30 

36 

42 

2, 3 
3,5 
4,9 

6, 3 

2,5 

3.7 

5, 1 

6.7 

2,6 

3, 9 
5,4 
7,0 

11. 6 

12. 56 

14. 12 

14. 51 

48 

54 

60 

66 

7,7 

9, 2 
10,5 
11,7 

8,2 

9,7 

11,1 

12,4 

8, 6 

10, 3 
11,7 
13,0 

14. 51 

14. 12 

12. 56 

11. 6 

72 

78 

84 

90 

12,7 

13,4 

13,9 

l4, 1 

13,4 

14, 2 
14,6 

14, 8 

14, 1 
14,9 
15,4 
15,6 

8. 57 

6. 4 

3. 6 

0. 0 
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Ex. If the latitude on the spheioid be 63°, and the equatorial parallax be 56'; 
what are the reductions? 

The reduction of the paiallax is 11", 5, and of the elevation of the pole it 
IS 55"; hence, the reduced latitude is 62®. 59'. 5", and the paiallax 55'. 48", 5. 
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CHAP. VJI. 


ON UEFEACTION 


« L of I**®® “to “"y ">ed.um. 

T ”? density, .tisfouBd to deviate fiom 

enters T " P«T-endic«la. to the surface of the methnn. into 

wh«e I enS™ 1 >'■«!'* P“s^”g »■« oP i vacuunx into the atmosphere will, 

^lere it enters, be bent towards a ladms diawn to the eaith’s center the ton 

toe ataosphere bemg supposed to be sphencal and concentric She cento 
atmtlS’ appioadnng the earth’s sixrftce, the density of tlie 

“S eniri“:f^ ■7*““’ 7 “'■'■S''*’ “ “toy descend, L con! 

^1 continually deviate from a right hue and descube a curve, hence at Z 

SStSSh-f " 

nnea t. ^ HeDcc, thc reliaction is always in a veitical circle The 

^cxents TOxe not unacqnatnted wxth thi, efifect. knuMrSonfa dtfe 

pr in= rt; rsriis Sh-rEi 

cumpoto star from tlxepole, both above and below, found teem to be !' 
x“lti™7tw7™d.Sl^Sc7STnd SeZ’ ftat wS 

— ?d!:7XeiSt“^^^ - “to 

supposed the xefractxon at InoTeil X.^ 

pubtohed a new Table of llcflactxLlild, moreramerthaTthL^^*®^ 

ntLxst aoc7cy We *al7o7,Sr r “q«n„g dxaxr 

method, by which the ananhto 7 7^T’ '>y/'«»<>r“S 

y winch the quantity of rcliacuon is determm^ at some cextain 
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altitudes, and then give the investigation of the rules for the vaiiation at dif- 
feient altitudes, fioin which a Table for the Refi action at all altitudes may be 
constincted. 

175. First method. Take the altitude of the sun, oi a stai whose right as- 
cension and decimation aie known, and note the time by the clock, obseive 
also the times of their tiansits ovei the meiidian , then find (92) the horn* an- 

TiG. gle, hence in the triangle we know PZ and Fx the complements of lati- 

8- tude and decimation, and the angle j?PZ, to find the side Zar, the complement 

of which IS the altitude, the diffeience between winch and the obscived altitude 
is tlie refi action of tliat altitude. 

Ex. On May l, 1738, at 5h. 20' m tlie morning, Cassini observed the 
altitude of the sun’s centei at Pans to be 5°. O'. 14", and the sun passed the 
meiichan at 12/i O', O", to find the redaction, the latitude being 48°. 50'. 10", 
and the declination was 15°. o'. 9.5!'. The sun’s distance fiom tlie meudian was 
6A. 40', which gives 100° foi the houi angle xF'Z, also, PZ=: 41°. 9'. 50" and 
59'. 35", hence, Zxzz85°. 10'. 8", consequently the true altitude was 
4°. 49'. 52". Now to 5°. O'. 14", the appaient altitude, add 9" for the parallax, 
and we have 5°. O'. 23" the appaient altitude coirected for parallax, hence, 
5°. O'. 23"— 4°. 49'. 52"= 10'. 3l" the lefr action at die apparent altitude 5°. 
O'. 14". 

176. Second method. Take the greatest and least altitude of a ciicumpolar 
stai which passes diiough, or very neai,the zenith, when it passes the meudian 
above the pole, then the lefiaction being nothing in the zenith, we shall have 
the tnie distance of the star flora the pole at that obseivation, the altitude ot 
the pole above the hoiizon being pioviously detcimined, but when the star 
passes die meridian undei the pole, we shall have its distance affected by icfi ac- 
tion, and the difference of the two observed distances above and below the pole 
gives die refraction at the apparent altitude below the pole. 

Ex. M. de la Caille observed at Pans a stai to pass the meudian within 
f) of the zenith, and consequently at the distance of 41°. 4' fiom thejiole, 
hence it must pass the meudian under the pole at the same distance, oi at the 
altitude 7°. 46', but the obscived altitude at that time was 7°. 52'. 25", hence 
the refraction was 6' 25" at that appaient altitude. 

177. Third method. M. de la Cailee also employed observations made at 
Pans and at the Cape of Good Hope, in older to ascei tain the refraction. The 
method he made use of was this: The distance of the parallels ol* Pans and the 
Cape was found to Igjubout 82°. 46', the half of which is 41°. 23', therclbre 
a star vertical to apaSBd in the middle between Pans and the Cape, must 
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be at the zenith distance of 41'’. 23' fiom each. Now the sum of the apparent 
zenith distances of sucli a star was found to be 82'=. 44'. 46", which theietbre ^ 
is the distance oftlie two paiallcls, diminished by the sum of the two reilactions 
at the zenith distance 41'’ 23', for refraction elevating a star, must make the 
apparent zenith chstence of each star less than the true distance. Next, the 
apparent' altitude of the pole at the Cape was observed to be 33'=. 56'. 49", l, 
and the altitude at Pans to be 48'’. 52. 27", 5, the sum of these two apparent 
altitudes is 82°. 49'. 16",6 the distance of the paiallels inci eased by the sum 
of the two refiacUons coiiesponding to the altitude of each pole. The diffei- 
ence of these two determinations is 4'. SO",6 for the sum of the four refi ac- 
tions. Now taking the icfiaction to be as the tangent of the zemth distance, 
(182), he found the tangents of 41°. 2.3', and of the complement of the altitudes 
of the two poles, and divided 4' 30",6 into four paits in the latio of these tan- 
pnts, making the refiaction a foitieth part less at the Cape than at Pans, as he 
had obseived it, hence, he got it 36", 5 for the refraction at the altitude 33° 

56' 49", 1 at the Cape, and 58'",2 at the altitude 48°. 52'. 27",5 at Palis; also 
57 ',2 foi the lefidction at the zenith distance 41°. 23' at the Cape, and 58",7 
for the lefiaction at the zenith distance 41°. 23' at Pans. The altitudes and 
zenith distances conccted by these i enactions give 82°. 46'. 42" for the true 
distance of the parallels of Pans and the Cape. 

178. Having detei mined the refraction at the altitude 48°. 52'. 27",5 at Pa- 
ris, he calculated the refractions from that altitude up to the zenith, upon sup- 
position that they weie as the tangents of the zenith distances, and hence he 
knew the refractions at these altitudes at die Cape. Therefore, by taking the 
niciidian altitudes of stars from 7° to 48° at Pans, and the corresponding meri- 
diaii altitudes at the Cape, and correcting these latter for lefraction, he got the 
lefraction from 7° to 48° at Pans; for the sum of the two true zenith distances 
was 82 . 46. 42 , theiefore knowing the true zenith distance at the Cape, the 
liue zenith distance at Pans was known, the difteiencc between which and the 
appai ent zenith distance wms the i cii'action. Thus M. de la CAiniE formed his 
I able of refractions His method was veiy ingenious , but from moie accurate 
obseivatiom since Ins time, it appeals, that his refractions aie a httletoo gieat. 
fills Dr Maskelyne has clcaily shown in the Phi Trans. 1787. By com- 
paring the sum of the two apparent zenith distances of stars obseived at alow 
^titude at Ians, and consecpicntly at an high altitude at the Cape, and at an 
high altitude at Pans, and therefore at a low altitude at the Cape, he found 
the lefraction at the Cape to be a fortieth part less than at Pans. 

179. Fourtik melJiod. Boscovicn proposes to find the lefraction by the cir- 
cumpolai stais, only by knowing its vaiiation at different altitudes. Lot a and 
a be ilie a,pparent meridian zenith distances of a stai below and above the pole 
.r aim ^ the lespective lefiactions; & and the apparek meiidian zenith dis- 

ances of anothei star below and above the pole, « and / the Corresponding 
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lefiactionsj then the true distance will be« + d?, a'+a’', andt+^r, and 

as the distance of the pole fiom die zenith is equal to half the sum of the 
greatest and least tiue zenith distances, -^z', hence, 

(^) sa+a;' —z—z'-=ib + b' —a—c^. Now taking, at fiist, the refractions to be 
as the tangent of the zenith distances, ( 182 ), we have tan. a tan. d a? : a’' = 


foi the same ieason*=liEli 
tan. a tan. a ’ tan. a 


substitute these into 


the equation (A)^ and we gel cc=^.fJi — - — ^ hence 

tan. a -i-tan. a —tan. &— tan. b 

the other redactions are known. But as the refractions vary more accurately 
as the tangent of the zenith distance dimimshed by three times the refrac- 
tion, put a—Qa!=m, a'—Sx'=.rd, b — Szz=.n, b'-3z=:n', and we have ir= 


6 -i-b'—a—a'x tan, m 

tan. w-t-tan. ?»'— tan. w — tan. n 


the correct refraction at the apparent altitude 


, , / mtSLU.m „ X tan. n . 

a: hence we know = — , — r and 

tan. m **’ 


tan. m 


. a tan. ri 
tan. m ' 


The opera- 


tion may be shortened, by talang So?, 3x\ 3z, Sz' from the common Tables. 
As fli-t-i?, a'+d, aie the true zenith distances of one of the stars below and 


above the pole, the true zemth distance of the pole will be one half of 
«+!? + o' +•<»', which is the complement of the latitude of die place. 


Ex. The apparent zcnidi distance of » Draconk below and above the pole 
was observed to be 69°. 5'. 2", 4 and 13°. 8'. 27", 2; and of 6 Ursce minoris 58®. 
2', 57", 2 and 29°. 11'. 28",2; to find the corresponding refractions, and the 
latitude of the place. 
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180. Fifth method. Dr. Maskelyne infonns us in tlie P?iil Trans. 1787, 
that Dr. Bradley found his refiactions in the following manner. He observed 
the pole star, and other circumpolar stars, above and below the pole, and fiom 
thence deduced the apparent zenith distance of the pole. By the apparent and 
equal zenith distances of the sun at the two equinoxes, having at the same time 
opposite right ascensions, as found by comparing (118) its observed tiansits 
ovei the meiidian with those of fixed stais, he found the appaicnt zenith 
distance of the equator, which diminished by parallax and added to the appa- 
rent zenith distance of the pole, gave a sura less than 90° by the sum of the 
two rejaactions belonging to the pole and meridian altitude of the equator*. 
Now he obseived, that the difiFerence of the refractions at these altitudes came 
out within 2" or s", fiora the best Tables then extant, whether deduced solely 
from observations, or partly from observation and partly from theory. Hence, 
knowing the sum and difference of the refractions, he knew the refraction at 
each altitude. He afterwaids more accurately divided the sum of the two 
refractions, by taking the parts in proportion to the tangents of the zenith 

» For the bura of the two trm zenith di8Unces=90*, but the true distance of each is dimmuhed by 
refraction, and therefoie the sum (after the correction for parallax) umstbe leas than 90® by the awn 
of the Iwo itfractioiM, 
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distances. The apparent zenith distance of the eq^uator, by the mean of 20 
observations in 1746-47 he found to be 51°. 27'. 28" , and the mean appaicni 
zenith distance of the pole, by observations made between 1750-52, was 
SS*. 30'. 35" ; the sum of which being 89°. 58'. 3" the sum of the two redactions 
IS l'. 57", consequently the polai ledaction is 45^', and the equatoiial l'. 11^"; 
therefoiethe latitude of Greenwich Observatory is 51°. 28'. 39^". Dr. Bradley 
here supposed the sun’s honzontal parallax to be lOi", but Dr. Masked yne 
observes, that had he taken it 8|", as determined fioin the two last transits of 
Verms over the sun, the leftaction at 45°, which he fixed at 57", would have 
come out 56i", and the latitude of the Obseivatory 51°. 28'. 40". Dr. Bradley 
having thus settled the refraction at the altitude of the equator and pole, could 
calculate the lefraction at all higher altitudes, or for all stars between the 
equatoi and pole, by taking it as tlie tangent of the zemth distances, which 
would be very acemate for all such altitudes. Hence, by taking the altitudes 
of the ciicumpolar stars above and below the pole, and knowing the refraction 
above, he immediately got the refraction at the lowei altitudes j for knowing 
the refraction at the altitude above the pole, he knew the true altatode above, 
and knowing the altitude of the pole he got the true distance of the star from 
the pole, which subtiacted from the altitude of the pole, gave the true altitude 
below, the difieience between which and the apparent altitude was the refrac- 
tion. When the weight and temperature of tire an lemain the same, the Dr. 
. found that the refraction varied as the tangent of the zenith distance diminished 
by three times the lefiaction found by the common Rule ; and having fixed the 
refi’action at 45° (whose tangent, if radius = 1, is unity) to be 57", if r = the 
refraction in the Table s, the apparent zenith distance, he got this pro- 
poition, r : 57" tan. z~3rz 1.* And by comparing the refractions in different 
temperatures of the air, and at different altitudes of the barometer, he inferred 
the following elegant Rule for detemumng the refracflhn at all altitudes : Put 
a:; the altitude of the barometer in inches, k°= the altitude of Fahrenheit’s 

thermometer, tiiea the true refraction : 57":: x tan. z"- Sr . ■ v'tff The 

29,6 400 

very near agreement of this Rule with that given by Mayer, and then agree- 
ment with observations, aie a strong confiiraation of the accuiacy of each. 

* The application of tins Rule to find the refraction at all s^titiidcs is thus Let the apparent 
ijentth distance be z, then the refraction will be nearly 5?'' xtan z, which put=:r, and Uie correct 
mean teftraction will he S7'^xtan « — If at very low altitudes it should be icquired to hare 
the refraction more correctly, put 57" xtan. a— ond the lefraction btcoines 57" X tan. 

Let the refraction at the apparent zenith distance 70^ be. required Tlic tangent of 70” 
is 3,747, hence 57" X 2,747=2" 36'',6, which rnnltiplied by 3 and subtracted from 70® gives 69® 
52' 10", the tangent of which is 2,728 , therefore 57" X 2,728 = 2' 35", 5 the mean refraction at the 
apparent zenith distance 70® In this mannci Table XI was calculated 
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Tim Mnection for the barometer and thermometei may be immediately found 
horn Table XII—The Instrument invented by Mr. Ramsden, called a Qrcu^ar 
Instrument (for a description of which see my Treattse on Practical Astronomy). 
IS admirably calculated to determine the quantity of refraction at all altitudes ; 
for by taking the altitude and azimuth of a body whose declination is known 
the true altitude may be immediately computed from the latitude of the place! 
declination of the body, and obseived azimutli , hence, the diflfeience between 
the observed and computed altitudes gives tlie refiaction at that apparent 


181 . Sixth method. From Dr. Bradley’s observations of the zenith distances 
of the polai star above and below the pole, and the zenith distance of Capella 
south of the zenith and below the pole, to find the mean refraction at 4>S% the 
barometer being at 29,6 inches, and the thermometer at 50®, also tlie 
mean declinations of the pole stai and Capella, and the latitude of the place. 
Let Z be the zemth, P the apparent place of the pole, C the appaient place c 
of Capella south of the zenith, c that below the pole. Let the lefiaction 
ate (computed by Dr. Bradley’s Rule) =C,atP=i>, andatc=:c, and . 
et the true refiactions at these places be lespectively n C, n P nc or to 
those computed by Dr. Bradley’s Rule, in the ratio of n. i. Then 
the true polai distance of Capella fiom the observation above the pole ^ZC ^ " 
•^nC + ZP ^nP, and below the pole -Zc+nc-ZP-nP ; hence «• 

C-2P-C * appaient zenith distance of the pole, 

cannot be observed directly, let ZQ be the apparent zenith distance of the 
pole star above the pole, and ZS that below, and nQ.nS, the respective 
refiactions, then +Z.S) +iC«Q + «.S) = co-latitude ; but this quantity 
added to the true zenith distance of CapeUa south of the zenith = true distance 
of Capella below the pole, lessened by the same quantity; hence, (ZQ^ZS\ 

+ + (.ZQ+ZS)-}, (nQ+n^^ and «= 

iso -f + JuiS — juC i? r i? 

~6-Q~S~C~ lefiactions to Di. Bradley’s lefiacti'on. 

Ifanumbei of zenith distances of the pole stai above and below the pole be 
obseived, and also of Capella south of the zenith and below the pole, and their 
refiactions be computed by Dr. Bradley’s Rule, the mean of each being taken 
we shall obtain n moie accui ately. For example ; * 

mean of 25= 5°. 45'. S8",4 Cmean of 25= o'. 5", 78 

ZQ 94= 36. 28. 22,23 Q 94=0. 42 6 

ZS 109 = 40. 32. 50,65 S 309=o! 48^64 


Sum - = 82. 48. 51,28 

Zc mean of 44= 82. 41. 25,14 

Dif. - = 5. '26,14 


Sum - . —1. 37j02 

c mean of 44=6. 58,48 

Dlfi - =5. 21,46 
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FIG. 

34. 


5 26 14 ; 

Hence, 1. 01456, vrlncli multiplied by 57" Dr. BnADLEv’s rc- 

fiaction at 45° gives 57", 83 tlie concctcd icfiaction. 

Or Minay be found thus: Let the observed zenith distances of twociicum- 
polar stais above and below the })ole, when corrected foi the equations of the 
stais to leducc them to then mean place, and reduced by precession to the 
same epoch, be A, B, and C, D, tlic foiraer, that neaiest the pole , and tlie 
coiiesponding computed refi actions by Dr. BmnLi-y’&'RuIe, be a, b, and c, cl , 
then double the co-latitudc will he A+a + B + b and C +c -i- D + cl , but calling 
the collected lefractions na, nb, nc, nd, we tlien have A+Tia-^ B + nb=.C + nc 
^ A+B-C-D. 
c+d~a~b 


Let one of the stais be the sun, and C, B its obscived zenith distance, at the 
summer and wintci solstice, collected by its paiallax, equation of obliquity, 
and reduced by its giadual diminution to the same epoch as for the star; then 
the double latitude for die son— C + nc + B + ncl, and co-latitude for the stai 
=A+m-*-B+nb, hence, A+na + B-^-nb + C-^-nc \-B ^nd=l80'^f and n= 

180 ° — (^A B C B') , 1 1 -n. n /f 

'/"n , ^ , r ■ these methods were given by Dr. Maskelyne. 

Having thus explained the praetical methods of finding the icfiaction, we 
proceed to investigate its laws. 

182. Let ACn be the angle ofmcidcnce, ACm the angle of lefraction, and 
consequently the quantity of icfiaction; let Al' be the tangent oi'Ani, 
mv its sine, rm die sine oL An, and diaw rm paiallel to vxv i then as the le- 
fraction in an is, vciy small, we mq,y considci mm as a rectilinear triangle, and 

Cm X 7n 

hence, by sunihu- tiiangles, Ov : Cm- rn . mn =. — , but Cm is constant, 


and as the ratio of uiw to nw is constant by the laws of refraction, their diffc- 

X Miw , Cm X mv 

lence rn must vaiy as iim , hence, vanes as-^ , but A T = — q- 


which va- 


lies as-^, because Cot is constant; hence, the icfraction mn vanes as AT, the 

tangent of the appaient zenith distance of the stai, because the' angle of lefiac- 
tion ACm is the angle between the refi acted ray and the perpendiculai to tlic 
suifaceof the medium, which peipendicularis dnected to the zenitli. Wlulst 
therefore the lefiaction is veiy small, so that rmti may be considci ed as a lecii- 
linear triangle, this Rule will he sufficiently accurate ; odierwise we must use 
Dr. Bradley's Rule, the dcmonstiation of which is given by Boscovicn in 
his Works, Vol II. but one of the principles, that the force with which the lay 
IS attiacted in passing through the air may be considered a-s uniform, is taken 
fiom Ml. Simpson’s Solution in his Mathematical Disseitations. We shall 
therefore fiist give his reasons -for this supposition. After constjructing bis 
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Table of lefraclion, he observes, that the only material objection which it is 
liable to is, its being founded, upon supposition, that the density of the aii dc- 
cieases umfoiinly, which appeals contiaiy to expeuincnt, w'heicby it is piovcd, 
that the density of the an decieases as the compressing fbicc dccnoascs; But 
though this IS true in air of the same tempeiatuie, yet it cannot be supposed to 
hold true in the earth’s atmosphere, since the uppei region thereof is known 
to be much colder, and consequently the elasticity thcie is much less than at 
the earth’s suifacc: But a convincing pi oof that this law of density canuot 
obtam in oui atmospheie is, that the mean hoiizontal lefraction computed fiom 
it, accoiding to the known lefiactivc power and specific gravity of the air, will 
be found to come out no less than 52', which is gieater by about J of a degree 
than it ought to be, it being only S3'; wheieas, if the same lolhiction be 
calculated upon the hypothesis of the density decieasiug unifoimly, and coni- 
paicd with observations, the difference will be much less. This latter hypo- 
thesis wiUtherefoie best coiiespond to the state of our atmosphere. 

183. Let us tlieiefore suppose the atmospheie to be divided into an infinite 
numbei of lamina concentuc with the ccntci of the earth, and of an equal 
tliickness, then the density of these lamina is supposed to deciease iiuiformry, 
for the reasons above given, and thciefoie tlie diffei cncc of the densities is con- 
stant. But when a ray of light passes out of one medium into anotlici, it is 
attiacted by a force which depends on the difierence of then densities, and 
therefore when the dideience is constant the force is constant. Ilcnce, a ray 
of hght descending tlirough the atmospheie may be supposed to bo attracted 
by It in a diiection perpendiculai to the suifacc of tlje earth by a constant 
foice. 


184. Let C be the center of the earth, AM its suifacc, Z!Fthe top of the 
atmospheie, FA the passage ofthe lay ; diaw the tangents SFTI, I AG cutting 
each othei m 7", and let CH, CG be drawn peipendicular to tliein, and A L 
paiallcl to CF. Now the state of the atmospheie remaining the same, the 
sine of incidence is to the sine of lefiaction for each lamina in a gu'cn ratio, 
theiefbre by composition, the sine of incidence CFH at i^’is to tlic .sine of re- 


fiaction CAG at J m a given ratio. Hence, if iadius= l, --f, and will be 
these respective sines, hut the velocities at J’and A arc as CG to Clf, winch 
assume as 1 to 1 + J , aiul if MF=e, C.ffeJ, ^ g . 1 . „ 

a = angle CAG, and then l : m * sin. a . sm. CFIl==m x sin. a. Let 

x — zxigle ACF, r = angle GUI of lefraction. In tlie qnadnlateral figine 

CAIF, the angle ACF -ir IFC=Ahc sum ofthe exteiniih ’angles 

because FJJ+CAI added to each would make the sum equal to four light* 


no. 
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angles; hence, IFC or CFH:^CAG- ACF + G JH, that is, wxsm. a=sm. 

therefore l w* sin. a : sin. a-x-r; but by plain tngonometry, 
the sum of the sines of two angles their difference • tan. of half t he sum of 
the angles : tan. of half then difference ; hence, 1+m: 1 — •;tan. a 
: tan. ^.x — r, and as tliis ratio is constant, the tan. a—-^.x—r vanes as thp tan. 

r, but as the difference between x and r must be very small, the tangent 
of ^.x—r may be considered as equal to the angle itself ; also, <!: is the 

apparent zenith distance; hence, the angle i»x — t vanes as the tangent of the 
apparent zenith distance diminished by r. If therefore the latio of a: to r* 
be constant, then x — r, and consequently r itself, will vaiy as the tangent of 
the zenith distance diminished by some multiple ot r , foi \idr —x^ then x rz=. 
dr — xr; let therefore 1+m ' 1 — ?n"tan. a — ^nr . tan. a nd 
then the refraction rvaiies as tan a—'x nt. On this supposition ^=1" 
jir, or .a? — r~nr. That .r is to r in a constant ratio may be thus pioved. 

185. Let ns conceive AF to be an 'indefinitely small part of the whole 
curve, taken any vsrhere, and AL (which is drawn parallel to FC) is the sagitta 
of the curve. Put &= the velocity through FA) the time, JIM, 

.t’=the angle FCA, r = the angle GIH) force in the diiection FC. 

J^iow from the pi inciples of Mechames, A J= »/, and tlie sagitta LA / 

hence, the tangent AI (vihich=^AF)=^v} , also, as the arc vanes as the 
angle multiplied into the radius, AM=%i\ and the sine of ALL oi CFL 

<v 

~ZF AI .AL" sin. ALL : sm. AIL, that is, Ivt ft^ ' — ; sm. 

I'orr, heap, ^ consider the velocity and distance from 

the center as having but a very small vanation, and jT to be constant (183), 

a 

V a 

we may consider - as constant, and consequently r vaiies as x, therefore r 

vaiies as x when AFis finite. Hence (184), r vanes as the tan. a — Ini . 

186. Because 1 -t-jn . 1 — wirtan. a—knr : tan. \nr’ (by trig) sin. c + 
sin. a — ar sin. a — sin. a — nr, hence, m x sin. a=sin. a — nr= (by trig.) sin* 
0 X cos ? 2 r— — sin. wrxcos. 0 = (because nr being a very small arc its cos. = 
— n'T ', = 1 — -IwV*, and the sine = arc very nearly) sm. a — sm. a x 
Tir X cos. and hy dividing by sm. a, we have m — l — ^ «V * —nrx cot. a. Now 
let a he any othei apparent zenith distance, and r' the refraction, then, foi the 
same reason, m=. 1— J-wV*— wx* x cot. d ; make these values of m equal, and we 

get ^ ^ Now by Dr. Beadxey’s observations, if a 

= 60°, r=l'. as", 4; andif a=90°, r=33';heiice, «=i2,996, he therefore 
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assumes =3; the refracfatm therefore vanes as the tang, a— Sr, that is, the 
reaction •vanes as the tangent of the apparent zenith distance diminished by three 
times the refraction. Simpson makes n=S,5, Cassini =6,452 and Bouguer 
= 6,645. But Dr. Bradley’s value is most tor be depended upon, as best 
agieeing with observations, which we shall theiefoie follow. 

187. Because ;»= 1 — ^ uV’— wr x cot. a, theiefore, as ^ n'-r' is very small in 
respect to the other terms, m—l—nr-x. cot. a ; hence, 1 —mz=.nr x cot, a. For 
the horizontal lefi action, <2 = 90% r = 33'; theiefore ?«=1— J raV’’=cos. nr , 
hence, if w = 6, we have ?»= cos. 6r= cos. 3'. 18" =0,998 3. Hence also (184), 
a?— r=Mr=6r, accoiding to Di. Bradley, theiefore <P=7r, or tlie angle 
which the refracted ray subtends at the center of the eaith = 7 times the lefi ac- 
tion. 

188. Join 07, and let die angle .7C7=y, then CIA or CJG—a — y, Clli 

z=.a — y + r, and their sines aie as the peipendieulars CCr, C7f, which aie in- 
versely as the velocities at A and 1% oi as 1 1 + A , hence, i + b x sin. Ofr—y 

= sin. a—y + r—sm. a—yx cos. r-f sin. r xcos. a— y= (because r being veiy 
small its cos.=l, and it’s sme=r) sin. o—y + r xcos. hence, l-i-i 
= 1 +r X cot. a—y, and Z>=r x cot. a—y. But if we make a approach to 90% 
y will be veiy small when compared with a, therefore 5 =r x cot. a. If a = 60% 
then r=l'. S8",4 according to Dr. Bradleyj hence, h=r x cot. fl=sin. 
r X cot. <1=0,0002755; theiefore the sine of incidence out of a vacuum into 
air at the mean density at the earth’s surfiice is to the sine of lefraction as 
1,0002755 : 1. Ml. Hauksbee makes it as 1.000264 : i by expeiimcnt. As 
&=rxcot. a, therefoie 6^=6r x cot. a = l— from the last Arti c le; hence, 

5 = 1 ^”* 

6 * 

189. Having deteimined the values of b and m, we get, from the equation 

l+b „ , ^ l-m + b , , 

— =ni, the value of - = (ash=— ^ =0,001942, parts of 

the eaith’s iadius= 77,25 miles, the altitude above the eaith’s surface at which 
the au begins to have any sensible effect on the rays of light to refiact them. 

190. The refraction vanes as the tan- a -3r at any altitude above the earth’s 
suiface ; for the proof remains the same for whatever part of the curve you take 
from the teq) of the atmosphere. Hence we may find the refiraction at any alti- 
tude, by making e denote its distance fiom the top of the armosphere ; for by 

7 

the last Article i»= y g^ =(by division, and neglecting all the powcis of e 

6e 

above the first on account of their smallness) 1 -=.(181') cos. 6r , hence, the 

cos. of 6r being known, 6r, and consequently r itself, the horizontal refbaction 
in this case, will be known, and hence the refraction at any other altitude^ 

4 
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191. As (186) 7 KX sin. a=:sm. a — br, according to Di. Bradley, put p=: 
the complement of a, and let »»xcos. pz=cos. q, then cos. 5 '= w? x cos. pzz 
MI X sin. «=:sin a — 6 r = (as a =90°—^) sin. 90“ — p — br = cos. ji + br, hence. 


q — p 

p-)rQr — q, therefoi e r = 


This expicssion is accommodated to find the 


refiaction below the horizon, when the observer is elevated above it, by making 
p negative. Hence, the refiraction below the hoiizon increases veiy fast, r 
being expressed by the sum x£p and q. 

Til _ _ 6e 

192. In the horizon, cos. 6r=:l — therefore— z=i — cos. 6r=ver. sin. 6r 

= 1 Sr' by the property of the circle; consequently the honzontal refiaction 
r vanes as the squaie root of e. Hence, if h be the altitude of the atmosphere, 
w'c know the horizontal lefiactioii £^t any altitude h — e above the horizon, for 
it will be to the honzontal lefraction on the eaith’s suiface as The 

hoiizontal lefraction therefijic being known, the lefraction at any other altitude 
will be known. 

193. Upon the same piinciples, we have a very elegant method of finding 
the ladins of cuivatuie to the curve which the ray describes, l^t AF be an 
indefinitely small pait of the curve adjacent to A the surface of the earth, and 
conceive AZV to be a circle of curvature, 0 its center, and QOK peipendi- 
cular to AV^ which theiefbre must bisect AV. Then the angle AIE—FOA 
=2FVA=FKA , but (187) 7AlE=zFCA, theiefoie 1FKA=FCA, hence, 
AK=7AC the radius of the eaitli, and theiefbie is a constant quantity for all 
angles lAF. Hence, the center of the circle of cm vaturc is always in the line 


QJC. By trig AO AX. vdd. = l sm. AOK 01 lAE licnco, A0=-4^^ 

SnIAE 

>jAC 

and as AC is constant, the ladius of curvature vanes inversely as 


the sine of the apparent zenith distance. Hence, foi honzontal lefractions, the 
radius of cuivature is equal to 7 times the radius of the eaith. 'fhis agrees 
with the conclusions deduced by J H. Lambert in his very elegant Tiealise 
entitled, Les Propnetes remarquabks de la Route de la Lumti'ie par les Airs, 
which he has applied with so much success to teiiestrial refiactions, and which 
we shall now proceed to considei. 

194). Suppose MFto be any object, and FA the curve described by a ray of 
light coming from Fto A , then for so sraaU a distance we may suppose FA to 

7 AC 

he circular. 'Letm=sin. FAE, then AO=z is known. Now the effect 

771 

of refiaction in alteiing the appaient altitude is the angle between and the 
choid diawn to the arc FA , foi the latter is the direction in which F would be 
seen if there weie no refraction, and the former if seen by refiaction, but this 
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■pi j 

angle between the choid and tangent must be equal to ^FOA= , but FA 

^AO 

= and AO = ^-^, hence, the refraction = of the angle ACM. 

m m 14AC 14 ® 

Hence, any point situated in the line AIF, and seen at A, has the saraeie- 

fiaction, for it is independent of the altitude MF; consequently any object 

situated in a line petpendiculai to the caith will not have its apparent length 

alteied by refraction, because each end will appeal equally elevated by it. 

Hence also, the tenestiial lefiaction vaucs as the distance AM. If tlieiefore 

MFhe a mountain, and we want to fnd Ihc altitude fiom the given distance 

AMy and the appaient angle of elevation MAIy we must first coriect this an- 

gle by subtiacting fiom it fr of ACM. 

1 95. Hence we may readily find the distance at which an olyect of a given 

altitude whose top is depressed below the hoiizon, may be seen by refiaction. 

For take AK=7AC, and with the center K desciibe the ciicle Ar, and the 

pointrwill be seen by refiaction; diaw srvCy and Av is the distance at which 

an object tr is visible , diaw also the tangent Ax. Now the angles ACv, AKr 

being very small, and the aics Av, Ar veiy nearly equal, sr tsv. AC . AK 

1 . Y, and vri svv 8 : 7, therefore sv=z2J^ , but the radius of the 

6 2 


eaith being unity, theiefore- consequently Av=y/l^ /^. 

^6 63 

Hence, the distance at which an object can be seen, vanes as the square loot 
of its altitude. 


196. Ifj/w be perpendicular to the surface of the earth and equal to vr, the 
object vr can be seen at^ without refiaction; but^iD oivr=d^- hence, A^ 

=v/itr, therefore the distance at which an object can be seen by refraction ; 
distance at which it could be seen without refiaction : • v/y 

: which is neaily as 14 , 13. 

19Y. An eye at r secs A in the threction of the tangent at r, and therefore 
it appeals below the honzon at v by the angle formed by the two tangents to 

r and v, or by the angle CrK. Now (195) Av, or the angle ACv, , 

3 

andZ'r CK(^ .7 6) . sin. rCF or rC A sm.OK : (on account of the small- 

ncbs of these angles) fCA, 01 ^ CrX=i/ the depression of the 

3 7 

point A below the honzon. Hence, the depression below the honzon varies as, 
the square root of the altitude^ 


FIG. 
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198. Consideiing the arcs Av, Ar as equal on account of the smallness of the 
angle AOvy the sagittas sr will be inversely as the radii, hence, sv . sr 7 
: 1, therefoie n; . w:6 7, and consequently the point r appears to be ele- 

Av^ 

rated by a quantity equal to ^ <or or f s«; but sr = -^, therefore sr{=^\so) 


=:£!!!. Hence, as the lefiaction remains nearly the same for all objects near 
14 

the horizon, this correction must be made iu calculating the altitudes of such 
objects from the apparent angles of elevation. All the above numbers are 
for the mean state of the air. 

199. Hence, we may find the altitude »r of a cloud at r, by obseiving the 
instant when it ceases to be enlightened by the sun ; foi at that time calculate 
the depiession of the sun below the horizon, and fioin it subtiact the hori- 
zontal lefiaction and you will have the tiue depiession below the hoiizon, or 
the angle between As and a tangent to v, oi the angle ACv , hence we know 
Atiy and consequently vr. This supposes diat the ray coming to the cloud is a 
tangent to the suitace of the sea, or to an hoiizontal plane at land. 

200. Let 8-B be a ray of light fidhng on the atmosphere at B and redacted 
in tlie curve BAE touching tlie earth at Ay and emerging in the direction EF, 
meeting DC parallel' to SB in F, to find CF. As Cv is a perpendiculai upon 
the incident ray, and CA upon the refracted ray, they will be as the sine of 
incidence to the sine of refiacUon out of a vacuum into air of the same density 
as that at the earth’s surface, or as 1,0002755 : 1, hence, put w= 1,0002755 = 
Cv=Cr, n=thc a.ngle CFr=Fsx=rCh=2ACv, or twice the horizontal refiac- 
tion, and CF’szCvx cosec. n— (if ?i=66^) 53,1 ladii of the earth It the di- 
lection of tlie lay of light be not parallel to DC but to d Cf, and the angle 

dCD be put=d?, then the angle rCJ=n + and x cosec. n + a:. 

201 . If the line dC be supposed to join the centeis of the sun and earth, and 
the ray SB to come from the limb of the sun, Cf will be the length of the total 
shadow of the earth, as all the umbra beyond/will have some lays of the sun 
by refraction. Now let r=l6' the sun’s semidiametei, and Qf=t)xcoscc. 
82=41,94 semidiameteis of the eaith, which being very little more than ■; of 
the distance of the moon, it appears, that in a total eclipse of the moou, some 
rays from the sun must fall upon it, which is the cause of its being visible ift 
tJiat situation. 

202. Having tlius fully explained the principles of refraction, and the me- 
thods of constructing the Tables for the mean refraction, it will be propci to 
give some account of the vaiiations to which the air is subject, fiom a change 
of temperature and density, for which proper coirections aie given, except 
when tlie observations are very near to the horizon, wheie changes frcquetttly 
take place which cannot be altogether accounted for, and for which thciefoie 
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no correction can be applied; they probably aiise ftom exhalations of vanous 
kinds which aie suddenly laised and suspended in the air near to tlie eaitli’s 
suiface, the causes of which do not sensibly affect the baiometei and theimo- 
metei. Hence, all obseivations made very neai to the hoiizon must be subject 
to a very considerable degice of uncertainty, and therefoie Astionoiners never 
use them when gieat accuiacy is requiied. 

203. Ttcho, when he constructed his Table of lefraction, knew that it was 
subject to variation; but Cassini and Picard weie the first who measiued 
accuiately the change. Picaed found, fiom the mciidian altitudes of the sun, 
that the lefiactionwasgreatei in winter than in summer, he obseived also, that 
It was gieatei in the night than in the day. And fiom observing the hoiizontal 
icfraction of the uppei hmb of the sun when it first appealed in the hoiizon, 
and then that of the lower limb, he found that in the time in which the sun 
was nsing, the lefiaction was diminished 25". Bougueb observed in America, 
that the refi'actions in the mghc were greatei than in the day, by about 7,’ oi J . 
Dr. Nettleton measuied the altitude of an hill in a clear day, and repeating 
the obseivations in a cloudy day when the an was somewhat gross and heavy, 
he found the angle considei ably greatei. He also observed, that the altitudes 
of some of the hills which he measuied appeared greater in the morning before 
sun lisc and late in the evening, than at noon in a cleai day. At the time of 
the great fiost at Pans in 1740, Monnibr obseiyed, when the therraometci 
was 10° below the freezing point, that at the apparent altitude 4°. 44^' the re- 
fraction was 11' 15", but when the mercury stood at 24° above the fieczing 
point, the icfiaction at the same altitude was found to be only 9'. 20"; hence 
tlieie was a difference of l'. 55" fbi 36°. of tlie thermometer. Tlie baiometci 
was at 28 inches. From these differences of refiactions in summer and winter, 
in the day and night, it might be conjectured that the refractions would be 
gieatei towaids the north, where it is colder. Put the French Academicians 
in the year 1737, at Toinea on the borders of Lapland, where they were scut 
to measure a base in order to determine the length of a degree of latitude, 
found that the refractions agreed with those at Paris. M. de la Caixee how- 
ever found that the refractions at the Cape of Good Hope, were about less 
than at Pans; tioui which small difference, he concluded that a Table of re- 
fractions might be constructed which would answer very accuiately for cvciy 
part of the temperate zone. In the tonid zone M. Bouguee found tlie hori- 
zontal refiaction to be 27'; at 6° high, 7'. 4", and at 45° high, 44". Admit- 
ting therefore the lefiaction to be less in climates warmer than at Paris, we 
may conclude that it must be greater in those which arc colder, and that it was 
from want of a sufficient number of observations, or from then inaccuracy, 
that the Academicians in Lapland did not find it sp, 
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204-. The refraction being thus found to vaiy in diffeient states of the air, 
the next enquiry is, what allowance must he made foi any vanation of the 
tempeiature and weight of the air, fiom any standard which we may make the 
mean. Di. Bradley made 29,6 inches the mean standard for the barometei, 
and as Mr. Hauksbee had detei mined fiom expeiiment that the lefi action 
was in proportion to the density of the air, it must also be as the altitude of the 
mercuiy in the barometer. Now in the mean state of the air, that is, when 
the barometer is at 29,6 inches, and Fahrenheit’s theimometei at .^0°, the 
lefiaction (180) : 57" tan. z—Sr 1; hence, at any altitude (a) of the mer- 
cury, the redaction . 57" ax tan. z — ^r . 29,6. The lefiaction, thus col- 
lected for the variation of the weight of the air, agiees very well with obseiv- 
ations. The next thing to be done is, to find how the refraction vanes in dif- 
feient iempeiatuies. M. de la Caille found that the lefi action was diminished 
pait from an inciease of 10° in the altitude of the meicuiy in the theimometer 
of Reaumur. Mayer observed that the lefiaction vaiicd about yj part for 10° 
of variation. M. Bonner made some experiments in order to determine the 
variation of lefiaction aiising fiom that of the temperature , calling the refrac- 
tion unity foi the altitude 10° of the thermometer, he found the lefraction to 
be 0,92 at the altitude 30°, oi dimmished yj for a vanation of 10°j and at 8° 
below 0° he found the refi'action to be 1,085 or foi a vanation of 10°. 
The mean of these differ hut very little from the determination of Mayer. 
The observations upon which Di. Bradley formed his rate of variation, have 
nevei been published. He used Fahrenheit’s theimometei, and fixed the 
mean tempeiatuie at 50°j and if h° be any othei altitude, he found that the 

lefiaction vaiied in the latio of 400° 7^ + 360°, or 1 . — . Hence, 

400 

allowing for the variation of tempeiature and weight, he f’ound, the tnie re- 

. . « fe°+350° ^ ^ . 

fraction : 57 ■ xtan.z-Sr . this agices vciy accu- 

rately with the Rule deduced by Mayer. 

205. When the sun is in the horizon, the lays in passing veiy obliquely 
thiough the atmosphere aie so fin separated, that M. Bouguer, in a Work 
entitled Traiti d^Optique svr la Gradation de la Lumih'e, has concluded from 
expeiiment, that the intensity of light is 1354 times less than when the sun is 
in the zenith. M. de Maiean thinks that the weakness of the sun’s rays in the 
former case is principally to be attiibuted to the quantity of vapours with which 
the loVer parts of the atmosphere are always filled. 

206. It IS owing to the atmosphere that we have any twilight in the morn- 
ing and evening, which arises both from refraction and leflection of the sun’s 
rays. Tt may be explained thus. Let AB be the surface of the eaith, Sm a 
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jay of light coming from the sun, and beginnirtg to be refracted at m, let Jt 
describe the curve mBn touching the eartli at J5, and at n let it be reflected 
into the curve nA, touching the earth at A, the place of the spectatoi; in 
tins position thereflne of the sun, the twilight just appears; draw the tangents 
A>uss^ mz, and join vnC. Then AO (the radius of curvature to the aic Ari) 

=7^C(19S), considering ^was a circle, from which it will differ but very little. 
Now suppose twilight to begin when the sun is 18° below the honzon, that 
being about the quantity found by computing the sun’s depiession from the 
obscived time at which the twilight begins ; it vanes however in different sea- 
sons , hence, the angle is=rl62°, but the diffeience between the angle is and 
the angle Bo A is the lefiaction through mB^ox 33'; therefoie the angle AoB=^ 
162°. 33', and AvC=81°. 16|', consequently ACo—8°. 43^', and hence nCX) 
= 171°. 16^-', also, On :0c 7 6; hence, On = 1 Oc=6 .sm. 7 iCO = 171°. 

16.J sin. CnO=:^°. 28^, theiefoie nOC=l°. hence, sin. wCO : sin. 

nOC'‘On^=s^ * Cn=:l,Ol, from which take Cr^l, and we have W 4 ?= 0 , 0 l= 
39,64 miles. But (189) the ray begins to be lefr acted at the altitude of 
77,25 miles, hence the leflection takes place at about half the altitude at 
which the lefiaction begins. This is upon supposition that the lays come 
to the spectator after one leflection. If we suppose them to come after 2, 3 
or 4 leflections, the altitudes nx will be about 12, 5,4 and 3 miles lespec- 
tively, and die densities of the aii 10,75, 2,9 and 1,8 less than at the eaith’s 
suiface. Wliich of these is most probable, may admit of some doubt. That 
ail at tlie altitude of 39,64 miles, wheie it is 2700 less dense than at the 
earth’s surface, should have tlie power of reflecting rays so copiously, is almost 
incredible. And why should that paiticular density reflect, when it is not the 
boundary of the atmosphere, it having been shown that light is lefracted at 
twice that altitude ? It appeals moie probable that the reflection aiises from the 
vapouis and exhalations of vaiious kinds with which the lower paits of the 
atinospheie aic chaiged; for the twilight lasts Ull the sun is fuither below the 
honzon in the evemng, than it is in the morning when it begins; and it is 
longer in summer than in wintei. Now in Hxejormer case, the heat of the day 
has laised the vapouis and exhalations, and in the laiier, they will be more ele- 
vated from the heat of the season; theieforc, upon supposition that thd reflec- 
tion IS made by tliem, the twihght ought to be longei in the evening thantn the 
morning, and longei in summer than in wintei. 

207- Another effect of lefiaction is that of giving the sun and moon an oval 
appearance, by the refraction of the lower limb being greater than tliat of the 
uppci, whereby the vertical diameter is diminished. Foi suppose the diameter 
of the sun to be 32', and the lower limb to touch the honzon, then the mean 
lefr action at that limb is 33', but the altitude of die upper limb being then 32', 
Its refi-action is only 28'. 6", the difference of which is 4'. 54", the quantity by 
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which the vertical diameter appears shorter thau that parallel to the horizon. 
When flie body is not very near the horizon, the refraction diminishing nearly 
uniformly, the figure of the body is very nearly that of an elhpse. Now it is 
proved in that article where the diminution of weight of a body upon the sur- 
face of a spheroid is investigated, that the diameter (D) of an ellipse, which is 
nearly a circle, is dinumshed, in going from the major to the minor axis, a;S the 
square of the sine (s) of the angle which it makes with the major axis; hence, 
if d=the diminution of the vertical diameter, lad. * • d the diminution o 
the diameter D. Thus we may find the diameter in any position, and in 
cases where extreme accuracy is required, such as measuring with a miciometer 
the distance of Venus or Meicury on the sun’s disc from its limb, this circum- 
stance may be considered. 


CHAP. nil. 


ON THE SYSTEM OF THE WORLD 

Art. 208.'W^HEN any effect oi phaenomenon is discovered by expenment or 
observation, it is the business of Philosophy to investigate its cause. But there 
are very few, if any, enquiries of this kind, where we can be led fiom the ef- 
fect to the cause by a tiain of mathematical reasoning, so as to pronounce with 
certainty upon the cause. Sii I. Newton therefore, in his Pmncipia, before 
he treats on die System of the Woild, has laid down the following Eules to di- 
rect us in oui leseaiches into the constitution of the universe. 

Rule I. No more causes are to be admitted than what are sufficient to ex- 
plain die phaenomenon. 

Rule II. Of effects of the same kind, the same causes are to be assigned, 
as far as it can be done. 

Rule III. Those quahties which are found in all bodies upon which experi- 
ments can be made, and which can neither be increased nor diminished, may 
be looked upon as belonging to all bodies. 

Rule IV. In Expenmental Philosophy, propositions collected from phteno- 
mcna by induction, aie to be admitted as accurately or nearly true, until some 
reason appears to the contrary. 

The principles, upon which the application of these Rules is admitted, aie, 
the supposition that the operations of nature aie performed in the most simple 
mannei , and regulated by general laws. And although then application may, 
in many cases, be very unsatisfactoiy, yet in the instances to which we shall 
heie want to apply them, then force is little infenoi to that of direct demonstra- 
tion, and tire mind rests equally satisfied as if the matter could be stnctly pioved. 

209. The diuinal motion of all the heavenly bodies may be accounted for, 
either by supposing the eaith to be at rest, and all the bodies daily to perform 
their revolutions in ciicles parallel to each other ; or by supposing the earth to 
revolve about one of its diameters as an axis, and the bodies themselves to be 
fixed, in which case then apparent diurnal motions would be the same. If we 
suppose the earth to be at rest, all the fixed stars must make a complete revolu- 
tion, in parallel circles, every day. But it wall be shown in a future part of tins 
Work, that the neaicst of the fixed stars cannot be less than 400000 times fur- 
ther from us than the sun is, and that the sun’s distance from the earth is not 
less than 93 millions of miles. Also from the discoveries which are every day 
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mgiring by the improvemeDt of telescopes, it appeals that the heavens aie filled 
with an almost infinite number of stais, to which the number visible to the na- 
ked eye bears no proportion, and whose distances are, probably, incomparably 
greater than what we have stated above. But that an almost infinite numbei 
of bodies, most of them invisible except by the best telescopes, at almost infi- 
mte distances fiom us and fiom each other, should have their motions so exactly 
adjusted, as to revolve m the same time, and in parallel circles, and all this 
without their having any central body, which is a physical impossibility, is an 
hypothesis, which, by the Rules we have here laid down, is not to be admitted, 
when we consider, that all the phaenomena may be solved simply by the lotation 
of the earth about one of its diameteis. If theiefoie we had no othei reason, 
we might rest satisfied that the apparent diuinal motions of the heavenly bodies 
are produced by the earth’s rotation. But we have other reasons for this sup- 
position. Expeiiments prove that all the paits of the earth have a giavifation 
towaids each other. Such a body theicfoiej the gre.itest part of whose suifice 
is a flmd, must, from the equal gravitation of ’ti pait., toun itself lulo a perfect 
sphere. But it appears firom mensmation, Uiat the oartb is not a peifectsplunc, 
hut a spheroid, having the equatorial longei than its poluc tbameter. Now if 
we suppose the earth to revolve, tire parts most distant lioin the n vis must, fiom 
their greater velocity, have a greater tendency to fly ofij and Ihcidoi c tiiat dia- 
meter which IS perpendicular to the axis must be increased. That this must be 
the consequeuce appears from taking an non hoop and making it revolve swiftly 
about one of its diameters, and that diameter will he diimmshed and the diame- 
ter perpendicular to it incieased. The figuie of the earth must theicfoie have 
arisen from its lotation, which is fuithei confirmed fiom the following cousiilc- 
lation. There can be but one diameter about which the eailh can i evolve, 
which can solve all the phoanoinena of the apparent i evolution of the heavenly 
bodies i for if the diameter about which the earth is supposed to icvolvc weic 
changed, it would change the situation of all the bodies in icspect to the lioii- 
zon and zenith; now that diameter about which the earth must icvolvc, in older 
to satisfy all the phmnomena, is the diameter which, fiom mensuration, is found 
to be the shortest. Anothei reason foi the earth’s rotation is from analogy. 
The planets are opaque and spheiical bodies like to our earth , now all the 
planets, on which sufficient observations have been made to deteiminc tlie mat- 
ter, are found to revolve about an axis, and the equatorial diameteis of some of 
^em are visibly greater than then polar. Wlien these reasons, all upon dif- 
ferent principles, are considered, they amount to a proof of the earth’s rotation 
' about Its axis, which is as satisfactory to the mind as the most direct demonstra- 
tion could be. These however are not all the proofe which might be offered ; 
the situations and motions of the bodies in our system neccssanly require this 
motion of the earth. 
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210. Besides this apparent diurnal motion, die sun, moon, and planets have 
another motion ; for they aie observed to make a complete revolution amongst 
the fixed stars, in different penods. But whilst they are perfoiming these mo- 
tions in lespect to tlie fixed stais, they do not always appear to move in the 
same direction, or in that diiection in which their complete levolutions are 
made, but sometimes appear stationaiy, and sometimes to move in a contiary 
direction. We will heie biiefly desciibe and considei the different systems 
which have been invented, in oidei to solve these appearances. Ptolemy 
supposed the eaith to be peifectly at rest, and all the other bodies, that is, the 
sun, moon, planets, comets and fixed stars, to revolve about it every day, but 
that, besides this diurnal motion, the sun, moon, planets and comets had a 
motion in respect to the fixed stars, and were situated, in respect to the earth, 
in the following order; the Moon, Mercury, Venus, the Sun, Mais, Jupiter, 
Saturn. These revolutions he first supposed to he made m ciicles about tlie 
earth placed a httle out of the center, in older to account foi some ii regularities 
of their motions , but as their retrograde motions and stationary appearances 
could not thus be solved, he supposed them to i evolve in epicycloids, in tlie 
following manner. Let ABC he a circle, S the center, JS the caitli, abed ano- 
thei circle whose center » is in the circumfeience of tlie circle ABC. Conceive 
the circumference of tlie circle ABC to be canied lound tlie earth every 24 . 
hours according to the ordei of die letters, and at the same tunc let the center 
V of the circle abed have a slow motion in the opposite diiection, and let a body 
revolve in thih circle in the direction abed; then it is manifest, that by the mo- 
tion of the body in this circle and the motion of the circle itself, the body may 
describe such a curve as is represented by Mmnop ; and if we draw tlie tangents 
Bl, JEwi, the body would appear stationary at the points / and wi, and its mo- 
tion would be retrograde thiough and then diirect again. Now to make 
Venus and Mercury always accompany the Sun, the centei » of the circle abed 
was supposed to be always very ncailyin a light line between tlie eaith and sun, 
but moie neaily so foi Venus than for Mcrcuiy, in oidei to give each its proper 
elongation. This system, although it will account for all the apparent motions 
of the bodies, yet it will not solve the phases of Venus and Meiciuy ; for in 
this case, in both conjunctions witli the sun they ought to appear dark bodies, 
and to lose their light both ways fiom their greatest elongations; whereas it ap- 
pears from observation, that in one of theii conjunctions they shine with a full 
face. This system therefore cannot be true. 

211. The system received by the Egj’ptians was this The Eaith is immove- 
able in the center, about which revolve, in older, the Moon, Sun, Mars, Ju- 
piter and Saturn; and about the Sun revolve Mercury and Venus. This dispo- 
sition will account for the phases of Mercury and Venus, but not for the ap- 
parent motions of Mars, Jupiter and Satuin. 
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312. The next system which we shall mention, though po* tenor in time to 
the true, or Copermcan System, as it is usually called, is that of Tycho Brahe, 
a Polish Nobleman. He was pleased with the Copernican system, as solving all 
the appearances in the most simple manner , but conceiving, fiom taking the 
hteial meaning of some passages in Sciipture, that it was necessaiy to suppose 
the earth to be absolutely at rest, he altered the system, but kept as near to it 
as possible. And he fuither objected to the eaith’s motion, because it did not, 
as he conceived, affect the motion of comets observed in opposition, as it ought, 
whereas, if he had iriade observations on some of them, he would have found 
that their motions could not otheiwise have been accounted for. In his system, 
the eaith is placed immoveable in the centei of the oibits of the sun and moon, 
without any rotation about an axis j but he made the sun the centei of the oi- 
bits of the other planets, which therefoie i evolved with the sun about the eartli. 
By this system, the diffeient motions and phases of the planets may be solved, 
the latter of which could not be, by the Ptolemaic system , and he was not 
obliged to retain the epicycloids in order to account for theii retiogradc motions 
and stationary appeal ances. One obvious objection to this system is, the want 
of that simplicity by which all the apparent motions may be solved, and the 
necessity that all the heavenly bodies should i evolve about the earth every day; 
also, it IS physically impossible that a large body, as the sun, should revolve 
about a much smaller body, as the earth, at rest *, if one body be much larger 
than another, the centei about winch they i evolve must be very near to the 
large body ; this will be proved when we come to the principles of physical 
Astionomy. And this aigument holds also against the Ptolemaic system. It 
appears also fiom observation, that the plane in which the sun must, upon 
this supposition, diiuiially move, passes thiough the earth only twice in a year. 
It cannot therefore be any force in the eaith which can retain the sun in its 
orbit, for it would move in a spiral continually changing its plane. In shoit, 
the coinple^r manner in which all the motions aie accounted foi, and tlie phy- 
sical impossibility of such motions being .peifoiined, is a sufficient leason for 
rejecting tins system ; especially when we consider, in how simple a maiinci 
all these motions maybe accounted for, and dcmonstiated from the common 
pnnciples of motion. Some of Tvciio’s followers# seeing the absuulity of sup- 
posing all the heavenly bodies daily to revolve about the eaith, gave a rotatory 
motion to the earth, in oidei to account foi then diurnal motion ; and this was 
tailed the Smi-Tychonic System , hut the objections to this system aie, other.^ 
wise, just the same. 

213. The system which is now universally leceiyed is called the CopemicafU 
It was formerly taught by Pythagoras, who Jived about 500 years befoie J. C. 
and Philolaus, his disciple, maintained the same; but it was afterwards le* 
^ected till revived by Copernicus. Here the Sun is place^jl in the centgi of tjie 
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System, about which tlie other bodies revolve in the following ordei j Mercuiy, 
Venus, the Earth, Mars, Jupiter, Saturn, and the Georgian Planet, which was 
lately discovered by Di. Heeschel, beyond which, at immense distances, are 
placed the fixed stars, the moon revolves about the earth, and the earth le- 
yolves about an axis. This disposition, and these motions of the bodies, solve, 
in the most simple manner, not only all the phases, and the direct and retrogiade 
motions, but also every othei irregulaiity belonging to them, and which motions 
may also be accounted for upon physical pnnciples. We may also further ob- 
seive, that the supposition of the eaith*s motion is necessaiy, in oider to account 
for a small apparent motion which eveiy fixed star is found to have, and which 
cannot otherwise be accounted for. The harmony of the whole. will) be as 
satisfactoiy a proof of the truth of this System, as the' most direct demonstrar' 
tion could be; this System theieforc we shall assume. 


vox. I. 
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CHAP. IX. 

ON KEPLEU’S DISCOVERIES 

Alt. 214. Kepler was the fiist who discoveied the figuies of the orbits 
' of the planets to be ellipses, having the sun m one of the foci. Ptolemy sup- 

posed that the oibits of the planets were circles, having the eaith, not in the 
fig. centei C, but at some other point S; and taking CJS=C»S, he supposed that 
41 . they revolved wilR an uniform angulai velocity about B, called the Punctum 
I cequantis. This was his supposition to account for the eq[uation of the planet’s 

orbit, or thej^r6# inequality of its motion; but it was suppoited neithei by 
observation nor demonstiation. Tycho alteied this hypothesis, by placing B 
at a different distance from C, by which he found his computations would 
agree with his observations within a few minutes. Notwithstanding which, 
Kepler suspected the hypothesis could not be tiue, foi, from the goodness of 
Tycho’s obseivations, he behoved thattheie could not have been so great a 
difference between the computations and observations, if it weie tiue. Put in 
icspect to the oibit' of the sun, or rather of the eaitli, the ancients, and also 
Tycho, believed tlie motion was equable about the center C. From the equa- 
' tion of the orbit, Tycho computed the excentiicity SB, which taken fiom AS 

' ’ gave a quantity BA diffeient fiom the ladius AC at fist supposed, whence he 

, ' concluded that the sun was not always at the same distance from C. This in- 

duced Kepler* to suspect that the center was not the point about which the 
motion was equal, but that it bisected the excentiicity. To determine tins 
point he proceeded thus, 

I ' PIG, 215. Let B be the point about which the motion is equable, S tlie sun, take 

, 42. BC—SC, and let D and E be the places of the eaith when the planet Alan 

' is at the same point M of its orbit. On May 18, 1585, and Januaiy 22, 1591, 

i I he took the two places of Mais, found from obseivaliou, and by calculation 

leduced its places to May 30, and January 20, in the same lespectivc yeais, 
at which times the longitude of Mars seen from B, as calculated by IVcno, 

I was 6’. 13°. 28', and theiefore he knew that Mais was in the same point of its 

' oibit; and tlie angles MED, MBE were, each 64°. 23^-'. Now the Iqngi- 

; i tudes of Mais on May SO, and Januaiy 20, were, by observal-ion, 5‘. 6°, 37' 

' I j; and 7'. 34', the iliffeiences between which and 6’. 13°. 28', the heliocen- 

tric longitude before calculated, are 36°. 51' and 38°. 6' for the angles BMD, 
fj BME; consequently BD is less than BE, and therefore B is not the center of 

ji ' j the circle. Kepler next calculated the value of BC, and found it to be 

l< ',|j 1837, AC being 100000. Now Tycho had found from his obseivations, that 

! the whole distance BS from the sun to the center of equality wus 3584, there- 

! fore its half was 1792, which being so nearly equal to 1837, Kepler immedi- 

i , ately concluded that C bisected the excentricity. 

I 
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216. Having found that the centei of the earth*s oi bit bisected the excen- 
tncity, he piocecded to examine the same in the orbit of Mais, in the following 
itiannei. Let S be the sun, C the centei of the circle, B the point about which fig. 
the motion is equablej and let Z), JE, F,Ghe 4 places of Mais observed in 43. 
opposition; he then pioposed the following Problem. To find the angles 
FBA^ FSA such, that the four points D, F, F, G maybe in the curcumference 
of the circle, and C in tlie centei between B and S. He resolved this by as- 
suming the distance 6‘B and the angles FBA, FSA, and thence calculated 
all the other parts, to find whether all the angles formed about were together 
equal to foui right ones. He made 70 suppositions before he got one to agree 
with obseivation, the calculation of every one of which was extremely long and 
tedious: St te kujus hhortom rtuthodi pertcesum fuent^jvre Tnet te mtsereatf 
CUM ad TnintTnuTfi septungtes wi custi pluTT/nci temporis jactuvu^ BtmtraTi dasitics 
hum guintumjam annum abire, es quo Martem aggressussumt/quamots annus 1603 
pens totus opUcts mqmsiUombusfval traductus, pag. 95. Having thus detei mined 
the excentneity of the oibit of Mais, he calculated 12 oppositions obseived by 
Trciio, none of which difieied inoie than l'. 47"; but he found that the hy- 
pothesis agreed neither with the latitude observed in opposition, nor with the 
longitude out of opposition, which diffeied sometimes 8' from obseivation. 

The circle which so well repiesented the 12 oppositions had its excentneity 
SB =18564, but he found SC =11332 and CiJ = 7232, the mean distance of 
the eaith from the sun being lOOOOO. Piom the want of agreement between 
tlie obseived and computed latitudes in opposition, an^ the longitudes out of 
opposition, and firom SB not being bisected in C, KEPiEU was persuaded that 
the orbit of Mars was not a ciicle. He theiefoie computed, in the following 
manner, thiee distances of Mars from tlie sun, with the coiresponding helio- 
centiic longitudes, by which he could deteimine both the figme and magni- 
tude of its orbit. ® 

217. Let S be the sun, M Mars, I), F, two places of the earth when Mais no. 
was in the same point M of its oibit When the earth was at Z>, he obseived 44. 
tlie difference between the longitudes of the sun and Mars, or tlie tingle MJDS- 
in like mannei he obseived the angle MFS, Now the places JO, E of the 
eaith in its oibit being known, the distances JDS, FS and the angle DSF will 
be known ; hence, m the tiiangle DSE, we know DS, SF, and the angle DSE, 
to find BE and the angles SBE, SFB ; hence we know the angles MBE, 

MEB ; theiefore in the triangle MBE, we know BE, and the angles MBE, 

MEB, to find MB , and lastly, in the triangle MBS, we know MB, BS, and 
the angle MBS, to find MS, the distance of Mais from the sun. He also 
found the angle MSB, the diffeience of the heliocentiic longitudes of Mars and 
the earth. By this method, Kepler, from obseivations made on Mars when 
in aphelion and peiihelion (for he had deteimincd the position of the line of 
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the apsides, by a method 'which we shall afterwards explain, independent, of 
the form of the orbit), determined the foimei distance from the sun to he 
166780, and the lattei 138500, the mean distance of the earth ftom the sun 
being 100000 ; hence, the mean distance of Mars was 152640 and the excen- 
tncity of Its orbit 14140. He then deterimned, in like manner, thiee othei 
distances, and found them to be 147750, 163100, 166255. He next calcu- 
lated the ;saine three distances, upon supposition that the oibit was a circle, 
and found them to be 148539, 163883, 166605, the eriors theiefore of the 
circulai hypothesis were 789, 783, 350. But he had too good an opinion of 
Txoho’s observations to suppose that these differences might arise fiom their 
inaccuiacy , and as the distance between the aphelion and perihehon was too 
great, upon supposition that the orbit was a ciicle, he knew that the form of the 
orbit must be an oval ; Itaqm plane hoc est Orhtta pUnetac non est circulus, sed 
ingrediens ad latera utraque paulatm, tterumque ad circuit amphtudmem inperigxo 
emt&niSf cifjusfnodi Jigwrcwn itvneris ovalem appellitant, pag. 213. And as of all 
ovals, the ellipse appeared to be the most simple, he first supposed the oibit to 
be an ellipse, and placed the sun in one of the foci , and upon calculating the 
above observed distances, he found they agreed together. He did the same 
for other points of the orbit, and found that they all agreed , and thus he pro- 
nounced the oibit of Mars to be an ellipse, having the sun in one of its foci. 
Having determined this for the orbit of Mars, he conjectured the same to be 
true for aU the othei planets, and upon trial he found it to be so. Hence he 
concluded. That the- six primary Planets revolve about the Sun in ellipses^ having 
Ota Sun in one of the foci. 


A TABLE 

Of the relative mean distances of the Planets from the Sun, accoiding to 

different Authors. 


planets 

Kepler 

Street 

Halley 

M.delaLANDE 

hog, hist. 

Mercury 

38806 

38710 

38710 

38710 

9,5878221 

■Venus 

72413 

72333 

72333 

72333,24 

9,8593379 

Earth 

100000 

100000 

1 00000 

100000 

0,0000000 

Mars 

152349,5 

152369 

152369 

152369,27 

0,1828973 

Jupiter 

■520000 

520110 

520098 

520279,2 

0,7162364 

Saturn 

951003^ 

: 953800 

954007,4 

954072,4 

0,9795813 
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The lelative mean distance of the Georgian Planet from the sun is 1918352, 
accoiding to M. de la Place. 

The logarithms are here put down upon supposition that tlie mean distance 
of the earth fiom the sun is umty, this being the case in all Astronomical 
Tables. The mean distances are nearly as 4, 7, 10, 15, 52, 95, 192. 

218. Having thus discovered the relative mean distances of the planets fiom 
the sun, and knowing then peiiodic times, he next endeavouied tofindif theie 
was any relation between them, having had a stiong passion for finding analo- 
gies in nature. He saw that the more distant a planet was from the sun the 
slower it moved, so that on a double account the peiiodic times of the moie 
distant planets would be increased. Saturn, for example, is 9 ^ times further 
fiom the sun than the earth is, and the ciicle described by Saturn is so 
greater in pioportion} and as the earth revolves in 1 year, if their velocities 
were equal, the periodic time of Satmn would be years ; whereas its periodic 
time is near SO years. The periodic times therefore of the planets increase in a 
greater ratio than their distances, but in a less ratio than the squares of their dis* 
tances ; for upon that supposition the penodic tune of Satuin would be about 
90^ yeais. On March 8, 1618, he began to compare the powers of these 
quantities, and at that time he took the squares of the penodic times and com- 
pared them with the cubes of the mean distances, but, from some enor in the 
calculation, they did not agree. But on May 1 5, having made -tlie last compu- 
tations again, he discoveied his error, and found an exact agreement between 
them. Thus he discovered the famous Law, Hiat the squares of' the periodic 
times qf all the plamts are as the cubes of their mean distances from, the sun. Sir 
I. ISTewton afterwards proved that this is a neoessaiy consequence of the 
motion of a body in an ellipse about the focus. Frin. PM. Lib. I. Sec. 2, 
Fr. 15. 

219. Kepler also discoveied fiom obseivation, that the velocities of the 
planets, when in their apsides, aie inversely as their distances fiom the sun , 
whence it followed, that they describe, in these points, equal areas about 
the sun in equal times. And although he could not prove, fiom observation, 
that the same was tiiie in eveiy point of the orbit, yet he had no doubt but 
that It w|,s so. He therefoie apphed this principle to find the equation of the 
orbit (as will be explained in the next Chapter), and.finding that his calcula- 
tions agreed with observaUons, he concluded it was tiue in general. That the 
planets describe about the sun equal areas m equal times. Tins discovery wasi, 
perhaps, the foundation of the Principia, as it piobably might suggest to'Sii 
I. Newton the idea, that tlic proposition was tiue in general, which he after- 
wards proved it to be. These impoitant discoveiies aie the foundation of all 
Astronomy. 
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220. He also speaks of Gravity as a power which is mutual between all 
bodies ; and tells us, that the earth and moon would move towards each other, 
and meet at a point as much neaiei to the earth than the moon, as the earth is 
greater than the moon, if their motions did not hinder it. He fiirthei adds, 
that the tides aiise from the giavity of the waters towards the moon. That the 
leadei may have a better conception of his ideas on this subject, we shall heie 
give his own words. 

Veia doctrina de gravitate his mnititur axiomatibus. 

Omms substantia corporea, quatenus corporea, apta nata est quiesceie omni 
loco, in quo solitaria pomtur, extra oibem virtutis cognati corpoiis. 

Giavitas est affectio coiporea, mutua inter cognata corpoia ad unitionem 
seu conjuncbonem (quo rerum oidme est et fiicultas magnetica) ut multo magis 
terra trahat lapidem, quSm lapis petit teiiam. 

Gravia (si maxime teiram in centio mundi coUoceraus) non feiuntui ad cen- 
trum mundi, ut ad centrum mundi, sed ut ad centium rotundi cognati coipo- 
ns, telluns scilicet. Itaque ubicunque collocetur sen quocunque tianspoitetur 
tellus facilitate su& animali, sempei ad lUaro feiuntur giavia. 

Si terra non esset rotunda, gravia non undiquaque ferrentur recta ad medium 
terras punctum, sed fenentur ad puncta diversa k latenbus diversis. 

Si duo lapides in aliquo loco mundi coUocarentur piopinqui invicem, extra 
orbem viitutis tertii cognah corponsj lUi lapides ad similitudinem duorum 
magneticoium coiporum coiient loco inteimedio, quilibet accedens ad alterum 
tanto intervallo, quanta est alteiius moles in comparatione. 

Si luna et teira non letinercntui vi animali, aut ali^ aliqu^ aequipollenti, qua?- 
libet in suo ciicuitu j ten a ascenderet ad lunam qmnquagesima quart A parte in- 
teivalli, luna descenderet ad teiiam qmnquaginta tubus ciiciter partibus inter- 
valh *. ibique jungerentur: posito tamen, qudd substantia utriusque sit unius et 
ejusdem densitatis. 

Si terra cessaret attraheie ad se aquas suas; aquae marinae omnes elcvarcntui, 
et in corpus lunee influcrent. 

Oibis virtutis tractoriae, quae est in luna, poingitur usque ad teiias, et px'o- 
lectat aquas sub zonam tomdam, quippe in occursum suum quacunque in vei- 
ticem logi incidit, insensibihtei in raaiibus inclusis, sensibihter ibi ubi sunt latis- 
simi alvei oceani, aquisque spatiosa rccipiocationis hbeitas, quo facto nudantui 
httora zonarum et climatumlateialium, et si qua etiam sub tomda sinus effici- 
wpt xeductiores oceani propinqui. Itaque aquis m latiori alveo oceani assurgen- 
tibus, fieri potest, ut in angustioiibus ejus smubus, raodo non nimis aict^ con. 
clusis, aquae praesente lunA etiam aufugere ab e.l videantur : quippe subsidunt, 
forjs subtract^ copiA aquarum, See the Introduction to the ahovcmentioned Work, 


CHAP. X. 


ON THE MOTION OF A BODY IN AN ELLIPSE ABOUT THE FOCUS 

Alt. 221. As the orbits which are descnbed by the piimary planets levolving 
about the sun aie ellipses having the sun m one of the foci, and each describes 
about the sun equal aieas in equal times, we next pioceed to deduce, from tliese 
panciples, such consequences as will be found necessaiy m oui enquiries le 
specting then motions. From tlie equal desciiption of areas about the sun in 
equal times, it appears* that the planets move with unequal angulai velocities 
about the sun. The pioposition therefoie, which we heie piopose to solve is 
given the penodic time of a planet, the time of its motion from its aphehon’ 
and the excentiicity of its oibit, to find its angular distance from the apheUon’ 
or Its true anomaly, and its distance from tlie sun. This was first proposed by 
Kepler, and theiefbie goes by the name of Kepler’s Problem. He knew no 

direct method of solving it, and therefoie did it by veiy long and tedious ten- 
tative opeiations. 

222 Let ^GdE be the ellipse descnbed by the body about the sun at S in 
one of Its foci, AQ the major, GB the minor axis, A the aphehon, Q the pe- 
iihehon, P the place of the body, A VGP a circle, C its center , draw NPl 
pei-pendicu ar to join PS, NS and on which pioduced let fall the 
perpenchcular ST. Let a body move unifbimlyin the aide from A to D with 
the T^an angular velocity of the body in the ellipse, whilst the body moves in 
the dhpse fiora,^ to P; then tlie angle ACI> is the mean, and the angle ASP 
f he anomaly and the diffeience of these two angles is called the MqmHon 

of the planet s center or Prosthapherem. Leti;=the periodic time in the elhpse 
or circle (the periodic times being equal by supposition), and f=thetime of 
describing AP oi AD , tlien, as the bodies in the ellipse and circle desciibe 
equal aieas in equal times about S and C respectively, we have 
aiea, ADC aiea of the circle* t p, 
area of the ellipse area ASP .'p . t, 

SP, eo„,u.t for U>e Pr ...» a. i , to u,. angl. „ |L, ...1 

fto ,t tol u.. ,,brt, „g„bi .dtoly of . rmo. o. ikt ' 

of ,t, tr<« to pbn«,, a. .0... dtonlod ft. s™, 

.quft .iKl llimfor. i>r ...lo .. — ^ f . coiKKioeKIr ft. mg). pSf ran., ^ „ 


FIG* 
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also, aieaofthe circle '.area of the ellipse axeaASN area ASP 

area ABC : aiea ASF area ASN : ax^ ASP , hence, ADC zzASN ; take 
away the area ACN which is common to both, and the area DCN — SNC , 
but DCN=iDNx CNy and SNC=iST x CN , therefore ST— DN. Now 
if /be given, the arc AD will be given , foi as the body in the circle moves 
unif ormly, we have jp * f 360° AD. Thus wealways find the mean anomaly 
at any givepniteme, knowing the time when the body was in the aphehonj 
hence if 'W© can -find ST, or ND, we shall know the angle NCA, called the 
Mcentric anomaly, 'firom whence, by one- proportion (223), we shall be able to 
find the .angle ASF the true anomaly. The Pioblem is therefore leduced to 
this; -to find a’ tmangle GST, such that the angle C+the degrees of an aic equal 
to ST may be equal to the given angle ACD. This may be expeditiously done 
by tiial in thefijllowing manner, given by M. de la Caille in his Astronomy. 
Fmd what arc of the ciicuinfeience of the circle ADQE is equal to CA, by 
saying, 355 : 413 : 180°. 57°. 17'. 44",8 the numbei of degrees of an aic 
eqiialm length to the rajdiusCA; hence CA . CS 37°. 17'. 44",8 the degrees 
of an arc equal to CS. Assume therefoie the angle SCT, multiply its sine 
into the degrees in CSy and add it to the angle SCT, and if it equal the given 
angle ACD, the supposition was right, if not, add or subtract the difference 
to or from the first supposition, accoiding as the result is less oi greater than 
ACD, and i^peat the opeiation, and in a very few tnals you will get the 
accurate value of the angle SCT. The degrees in ST may be most readily 
obtained by adding the logarithm of CS to the loganthm of ■ the sine of the 
angle vyCT and subtracting lOfiom the index, and die lemaindei will be the 
loganthm of the degrees of ST. Having found die value of AN, or the angle 
ACN, we pioceed next to find the angle ASF. 

‘ 228. Let ©-be- the other focus^ and put AC=1 ; then by Eucl. B. 11. P. 12. 
SF* — Pn* = X vl = vS+ 2vl x vS = 20v + 2 vl x 2 SC =z 2 CJ 

x2SC; hence, SP-i^Fv • 2CI: 2SC : SP- Fv, or 2 . 2CI:‘2 SC • SF-~ 


2-SP, oi 1 . CJ SC . SP-l 

lACN. By my Trigon. Art. 94. 

01 1 4" CS X cos. ACN rad. zz 1 
C-y+cos. ACN 

cos. ASF ^ ^j^S X cos. ACN 


, and SP= I -h CS X Cl = 1+CS x cos. 
1- COB. ASF , 1 T) .L on 

TTiSSrASF = *“• i 

:S1, or CS + CI, or CS+ cos. ACN : 

; — - 1 — cos. ASP > 

Hence, tan. (- = 1 + 00 .: AX? ) = 


I+C5 X cos. ACN -CS- cos. AC N l-CS + cos. ACN x CS - l 
l-i-CS X cos. ACN + CS + cos. ACN~'j ^CS -h cos. ACN x CS + 


5 Q-C 03 . ACN xSQ _l - cos. ACN 
SA -f cos. ACN' X SA 1 + cos. ACN 


X 


SQ 

SA 


=: (by the above theorem in trig). 


SQ 


tan. JCN ^SA> therefore ^/SA ^/bCirtan. 


I ACN : tan. 


ASP, cpn» 


seqnendy we get ASP the trw anomaly. 
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E\. Requiied the tiue place of Mercury on August 26, 1740, at noon, the 
equation of the center, audits distance from the sun. 

By M. de la Caille’s Astronomy, Mercury'- was in its aphehon on August 
9, at 6/i. 37. Hence on August 26, it had passed its aphelion I6d. 17h, 23'; 
therefore^ 8 7^. 2Sk. 15'. 32" (the time of one revolution) . I6d. 17 h. 23' 
360 68®. 26. 28" the arc AD, oi mean anomaly. Now (aocoiding to this 

Author) CA CS’. 1011276 211165 (222) '57°. 17'. 44!', 6 : 11®. 57'. 50" = 
43070 , the value of CH reduced to the arc of a cucle, the log. of which is 
4,6341 74*9. Also, 68°. 26'. 28" = 246388". Assume the angle SCT to be 60° 
= 216000", and the opeiation (222) to find the angle ACN will stand tlius ; 

4,6341749 

9,9375306 log. of - - 216000=ra 


4,5717055 


37300 


253300 

246388 


4,6341749 

9,9287987 


4,5629736 


69 12= A 

209088=a-&=58". 4'. 48"=c 
36557 


245645 

246388 


4,0341749 

9,9297694 


743 = 

209831=c + d=58*. lY. ll"=e 


4,5639443 - . . 36639 


246470 

246388 


4,6341749 

9,9296626 


4,5638375 


82=/ 


209749 =ie-/= 58°. 15'. 49''=g 

ir' 


36630 


246379 

246388 


P 
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hence, as tShe difference 
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between the value deduced from the assumption and the true value is now di- 
minisjhed about 9 times every operation, the next difference would be l" ; if 
therefore we add h to g, and then subtract l", we get 58°. 15'. 57" for the true 
value of the angle ACN^ tlie excenit tc oxxovodly. Hence (223), find the true 
anomaly ASF, from the proportion theie given, by logarithms thus: 

Log. tang. 29°. 7'. 58"-| - - - 9,7461246 

|Log. <b'Q=:800111 - - - 2,9515751 


12,6976997 

^ Log. -5^ = 1222441 ^ - - 3,0436141 


Log. tang. 24°. 16'. 15" - - 9,6540856 


Hence, the true anomaly is 48°. 32'. 30". Now the aphelion A was in 8®. 13°. 
54'. SO" 5 therefore the true place of Mercury was 10®. 2°. 27'. Hence, 68°. 26'. 
28" — 48°. 32'. 30" = 19°. 53'. 58" tlie equation of the center. Also, 5P=1+C5 
X cos. L ACN the distance of Mercury from the sun, the radius of 
the circle, or the mean distance of the planet, being unity. 'Ihus we me able 
to compute, at any time, tlie place of a planet in its oibit, and its distance from 
the sun , and this method of computing the excentric anomaly appears to be the 
most simple and easy of appheation of all others, and capable of any degree of 
accuracy. 

224. As the bodies at D and P departed fi'om A at the same time, and will 
coincide again at Q, ADQ, APQ being perfoimed in half the time of a i evolu- 
tion; and as at A the planet moves with its least angular velocity (by the Note 
to Art. 221.), therefore from A to Ct, or in the frst 6 signs of hnomaly, the angle 
ACD win be greater than A>>P, oi the mean will be greater than the true ano- 
maly , but from Q to A, or in the last 6 signs, as the planet at Q inoi'cs witli 
its greatest angular velocity, the true will be greater than the mean anomaly. 

225. When the excentiicity, and consequently the angle NCD, is very small, 
as in the orbits of Venus and the Eaith, ND, considered as veiy nearly a 
straight line. Will be equal and paiaUel to S2\ theiefore SD is parallel to CN 
and consequentiy'ftie angle NCD — CDS. Now in the triangle DCS, we know 
the two sides DC, CS, and the included angle DCS, the supplement of DCA ; 
hence we can find the angle CDS oi DCN. If the angle DCN do not exceed 1^° 
the conclusion will tie accurate to a second, and if it be greater, this method 
will give a near value of it, and consequently we shall get a near value of the 
angle ACN to begin tiiife operation with in the method already explained, which 
will be better, peihaps, than guessing at first. In our Example, the angle 
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DSC, or /SCT nearly, would, by this calculation, have been found 58°. 13'. 1", 
whence ST would first have been found 10°. 10'. 12", and after two more ope’ 
rations the accurate value would have been obtained. Wlien the angle DCN 
IS not very small, M. Cassini, in his Elements of Astronomy, page 144, has 
given the following method of finding it. 

226. Draw Dz perpendiculai to ST, and Tz is the sme of the arc DN, con- 
sequently Sz is the diffeience between the arc DN and its sme, or it may be 
considered as the difference between the arc of the angle CDS and its sine • 
compute theiefore the angle CDS (225), and by the followmg Table take out 
the diffeience between the aic and its sine, and say SD Sz . rad. : sin. SDz, 
which subtract fiom the angle /SDCand you have the angle zDC, 01 the alter- 
nate angle DCN. The rest of the operation is the same as before. 


A TABLE 

Showing the Diffeience between the Arcs of a Circle and them Sines, 
• Radius being 10000000. 


Arc 

Dif 

Alc 

Dif 

Arc 

Dif 

Arc 

Dif 

1°. 06 
10 
20 
so 

40 

50 

9 

15 

2S 

SI 

42 

56 

4 °. 06 
10 
20 

30 

40 

50 

567 

641 

720 

807 

900 

1000 

7 °. Od 
10 
20 
SO 
40 
50 

3037 

S259 

3492 

3734 

3989 

4255 

10 °. 06 
10 
20 
SO 
40 
50 

8848 

9299 

9755 

10235 

10730 

11241 

2 . 00 
10 
20 
SO 
40 
50 

71 

90 

113 

1S9 

169 

20 s 

5 . 00 

10 
20 
30 
40 
50 

1108 

1222 

1344 

1474 

1613 

1759 

8 . 00 
10 
20 
30 
40 
50 

4532 

4822 

5122 

5435 

5761 

6100 

11 . 00 
10 
20 
30 
40 
50 

11767 

12312 

1287S 

13450 

14042 

14654 

S. 00 
10 
20 
SO 
40 
50 

2S9 

281 

S28 

380 

437 

499 

6 . 00 
10 
20 
SO 
40 
50 

1913 

2077 

2255 

2432 

2625 

2827 

9. 00 
10 
20 
30 
40 
50 

6450 

6815 

7194 

7585 

7985 

8404 

12 . 00 
10 

t 20 

SO 

40 

50 

^5278 

15921 

16585 

17266 

17964 

18680 
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' , Ex. To find the true anomaly of Mercury, the mean being 60°. 

I.et the mean distance of Meicuiy be lOOOOO, and the excentncity CS will 
be 20878, accoiding to Cassini; hence, in the tiiangle i)C5, DC—IOOOOO, 
C^=20878, and the angle Z)CS=120% therefoie DC’=1 11905, and the angle 
SDC=9‘‘. 17'- -52", corresponding to which we find, in the Table, the value of 
. 5jk=z=7120, hence, 111905 : 71*:' lad. : sin. lSDz=2', 11", which subtiactedr 

’ fi:om 9°. 17'. 52" leaves 9°. 1 5'. 41" + for the angle DCN, which subtracted fiom 

60° gives 50°. 44'. 19" for the angle NCA. Hence, 

' ‘ Log. tan. 25°. 22'. 9" - - - - 9,6759392 

^Log. xSQ=79122 2,4491486 

12,1250878 

i ' ^ Log. SA=120818 ... - 2,5411738 

Log. tan. 20°. 59'. 18" ... - 9,5839140 

Theiefore the true anomaly is 41°. 58'. 36". Hence, the eijuation of the cen.. 

ter IS 18°. l' 24". „ 

'These indirect methods of finding the equation of tire planet’s celtei aie, in 
' general, more ready for practice than any of the direct methods. 

I ' . • 227. The method ascribed by some Writers to Seth Ward, Professor of 

Astionomy at Oxford, and published in 1654, although, as M. de la Landb 
i it is given both by Ward and. Mercator to Eullialdus, is less ac- 

curate than these we have already given , yet as it may, in many cases, scive 
fig. as a useful approximation, it deserves to be mentioned. He assumed the an- 
I \ ■ 47! gular velocity about the other focus v to be unifbiml:, and theiefore made it 

I I ' 

I i ' . * Bv the TaWc 7l20 is the difference, if tlic ladiUb he 10000000, but os. the i dclms licit is 1 00000 

ill the difference will be only 71 

. i| ' I f Foi the utmost exactness, we should take Sz coucs ponding to 9° 15^ 41'' inslcdd ot 9 17 

'll but the diflf relict lb too siTidU to be worth notice 

j' ' I That thib lb not tiue may be thus shown With the center Sand radius SJr=-v/4('>tC'i4' describe 

!■ ! ' j I the circle zW, then the area of this circle=arcd of the ellipse, let a body, moviiia; unifi.niily m it, 

j '! j injjje one revolution ill the same time the body does in the ellipse , and let the bodies set oil <it the same 

H'j 1 , I timefiom.4 and z, and describe AP, w, in the bamc time , then the A.zSo is the tiiean, and ASP the tjue 

' yi'j anomaly Draw pS iwdefinitely ntai to PS, and Pi, i)o perpendicular to Sp, then J’/=Po Now 

'l i‘ r 111 tlje ^PFb varies as SS. — ^,butm a given time the area PSp is given, JV vanes as .— y hence, the 

1 V J,, pp—pp J* 

[ ! ^ 

1 * |! ! /LPPp, desciibed m a given time, vanes as which is not a constant quantity. Also, PS ; 

PP Z.PFp /.PSp hy the Note to Ait (221) as equal areas are described 

i^ ' I in equal timea in the ciicle and dlipse about S, the angulai velocity about S in tlie cirtlc becomes 

ill 
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repiesent the rman anomaly, Pioduce to r, and take Pr^PS\ then in the 
tx iangle Syr, rv + vS : tv—vS .tan. A. uAV* + u^aS' : tan. ^.z vi>r — vr6’, now 
j- * y u + Q ^ ’oS=^A . and -^.rsy — ^ U/S^=(SQj also, tan. 

4^. L vHr + tr5'=tan. ^ z AvP, and z ’vHr—vrS — (as Pr=PS) h L v8r—Pi>r 
—i lASP; hence, the a^hehon distance : 'perihelion distance .: tan. of \ the 'mean 
anomaly tan. \ true anomaly. This is called the smple elliptic hypothesis, and 
was used by Dr. Halley in consti noting his Tabula pro expediendo calculo 
(equationis centii Lume In the Oibit of the eaith, the eiror is never greater 
than 17", m the oibit of the moon, it may be 1'. 35". By this hypothesis, foi 
90° fiom aphelion and penhehon, the computed place is bachesarder than the 
true , and for the othei pait it is forwarder. 

228. Although the indiiect methods above explained are, in general, the 
best for practice, yet as the Readei may wish to see the direct method of solv- 
ing the Problem, we shall give that of Dr. Keill; as being tlie most simple 
and which may frequently be applied with advantage. Let the aic ND=y\ 
c=the sine of .4D,y= the cosine, SC=g. Then by tiigonometiy, the sine 

of NA —V—^^ + *^^id cosine = i _ gjc. hence, the sine of AN 


=e-fy-St+^lL + 3L. 

2 2.3 2.3.4 


•&c. 


Also, rad.=:l ; sin. AN oi lSCTvSC 


=e SToi NJD + hence, «e=y+g;^ 


2.3 2.3.4 

Put /r,._.v ge J gf ge 

= c?, &c. hence, zzzay +by* —ey^ — dy* + Sec. and by the reversion of series, 
^~a a^ 


^ " 

X - «c. out 2X4’ ^ 


y3 5 ^ .,5 


theiefbrc 8 — -^ 2^^^ ^oT gieatci than 90° and 

less than 270°, / becomes negative, and theiefoie gf 01 c will be negative? 
htneo, y=Z-~-^AL+ ^ &c. Now to reduce the value of y into degrees, 



~ - &c. For the orbit of the earth, the first term will be sufficient, not dif- 


FIG. 

46. 


Hence, the angular velocity about F is gi eatci or less than the mean angular velocity, accord- 

mg as VI X VS IS less or greater than SIV^, 01 than ACx.CE Also, the angular velocity about F is 
the same in similar points of the ellipse in respect to the center, 01 at equal distances fiom the center. 
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fenng fiom the truth the ten thousandth part of a degree. In other cases it 
may he necessary to take more terms. 


Ex. Let the excentncity of the earth’s orbit be 0,01691, the mean distance 
being = 1, and the mean anomaly 30° ; to find the true anomaly. 

Log. of ^ . 8,2281436 

Log. sin. of c= 30° - - - 9,6989700 

Log. of r - - - V- - 1,7581226 


Log. of rge, oxrz - - . 9,6852362 

Log. of 0,0063137 


Log. of — - - - - 9,6789225 . . the natuial 

number conespouding to which, being a decimal, is 0°, 47744=28'. 38"=^, 
which IS tnie to a second ; therefore A]Sr=29°. si', 22", hence. 

Log. tan. 14°. 45'. 41" - - 9,4207651 

^ Log. SQ=9&S09 - - . 2,4962966 


11,9170617 

j Log. .5.4=101691 ... 2,5031412 

Log. tan. 14°. 32'. 25" - - 9,4139205 


Hence, the anomaly is 29°. 4'. 50", consequently the equation of the 
center is 55". 10". 

229. When P and D are veiy near A, the variation of PS will be very small, 
now by t^ie Note to Art. 221. the angulai velocity of P at ^ about S angular 

velocity of i) about and therefore the an- 

gular velocities will be nearly in a given ratio so long as P is neai to A; hence, 
the difference of the angular velocities must vary nearly as the angulai velocities 
themselves; that is, the equation of the centei varies nearly as the angulai velo- 
city ofP about S, or as the true anomaly. The same is tiue at the pciihelion Q. 

230. The greatest equation of the center may be easily found firom the Note 
no. Art. 227, giving the dimensions of the orbit. For as long as the angular velo- 
48. city of the body m the circle is greater than that in the ellipse about S, the 

equation will keep mcreasmg, the bodies setting out from A and .s, and when 
they become equal, the equation must be the greatest; this theiefoie happens 

when or when ACy^CE = SP*, hence, -S'P is known. 

Let SW represent the value of SP; then as we know SW, FW ( =2AC-SW) 

6 


AN ELLIPSE ABOUT THE FOCUS# 


will be known, and as ^S^is known, we can find the angle FSWthe true ano- 
maly*. Hence (223), s/SA . tan. § in/e anoni- tan. ^ e.t'cen. anom. 

ACN or tan. | ISCT; and as we know SC, we can find ST or ND; and to 
convert that into degrees, say, rad. = l , ND-.ST. 17'. 44,",8 : the degrees in 
ND, which added to, or subtracted firom, the angle ACN gives ACD the mean 
anomaly, the diilerence between which and the true anomaly is the greatest 
equation Thus we may find the equation at any other time, given iiP. Oi 
the cos. ACN may in general be found thus. By Art. 223. SPz=.i-^CSx cos. 

2 

ACN ; hence, cos. A CN = — j consequently bg . cos. A CN = log. HP—i 
— log. CS. 

231. The excentricity, and consequently the dimensions of the orbit, may be 
found fiom knowing the greatest equation. For (230) the gieatest equation is 
when the distance is a mean between the semi-axis major and minor, and there- 
fore in orbits nearly circular, the body must be nearly at the extremity of the 
mmor ayis, and consequently the angle NCA or SCT will be nearly a light 
angle, therefore *S/'is neaily equal to SC-, also NS A will be very nearly equal 
to PSA. Now the angle NCA - NS A or PSA = SNC, aai X>CA- NCA = ' 
DCN; add these togethei and DC A- PSA =DCN+ SNC, vihich (bs NC is 
nearly parallel to Z)*V) is nearly equal to HDCN, that is, the difference between 
the true and mean anomaly, or the equation, is nearly equal to twice the arc 
DN, or twice ST, or very nearly twice SC. Hence, 57°. 17'. 44",8 ; half the 
gieatest equation :rad. = i ; ^Cthe excentricity. But if the orbit be consi- 
derably excentnc, to this excentncity compute the greatest equation , and then, 
as the equation varies very nearly as SC, say, as the computed equarfaoti : ex- 
centncity found:: given greatest equation true excentricity. 


Ex. If we suppose, with M. de la CAiLLn, that Mercuiy’s gieatest equation 
IS 24°. 3'. 5", then 57°. 17'. 44", 8 ; 12°. l'. 32",5 .. 1 ,209888 the excentncity 

veiy neaily Now the gieatc&t equation computed from this excentncity is 
23°. 54'. 28",5; hence, 23° 54'. 28", 5 : 24°. 3' 5" .,209888 ,211165 the true 

excentncity. M. de la Lanbe makes the greatest equation 23°. 40', and the 
excentncity ,207745. 


232. 'The converse of this Problem, that is, given the excentricity and true 
anomaly to find the mean, may be very leadily and directly solved. The ex- 
centncity being given, the ratio of the major to the minor axis is knownt, 
which IS the latio of NT to PI, hence, the angle ASP being given, we have 

■* LetD=:>FS— SJ^tlica (Tug Ait 131), wn \FSWz=^ '^’^h xj 

log sin iFSW=i{log liFW-i-D)+\og i (FW-D) -{-iT.co log 1FS+ af SF). 

t For as AC, CS are known, we have GC= ^/AC^—S^, 
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PI ; NI : •. tan. ASP tan. ASH, theiefoie in the tiiangle NCS, we know NC , 
C/Sandthe angle CSN, to find the angle SCN, the supplement of wluch is the 
angle ACN or SCT, hence, in the light angled tiiangle SI C, we know SC and 
the angle SCT, to find ST, which is equal to JVD the aic measuiing the equa- 
tion, which may be found by saying, Radius . ST 51°. 17'. 44",8 the degrees 
vaND, which added to ACN gives ACD the mean anomaly. 


To Jind tlie hourly Motion qf a Planet in its Orht, having given the mean 

hourly Motion. 

233. The hourly motion of a planet in its oibit is found immediately from 
no. the Note to Art, 227, foi it appeals from thence, that the angles PSp, WSWy 

48. desenbed by tlie body at P in the ellipse and the body W in the circle in the 

same time aie as SW^ : SP% or as ACx CE SP% hence, PSp=WSwx 

AC X CE hourly motion of a planet in its orbit, the angle TPS'w being the 

aSJP* r 

mean motion of the planet in an hour. For extieme accuracy, SP must b© 
taken at the middle of the hour. Thus we may easily compute a Table of the 
houily motions of the planets in their orbits. 


MG. 

49. 


To find the hourly Motion of a Planet in Tatituie and Longitude. 

284. Let AD be the ecliptic, AE the oibit of the planet j and let Em lepre- 
sent the houily motion in the orbit, draw the great ciicles EC, mo perpendicu- 
lar to AD, and the small circle En parallel to AD. Now by plane tngonom. 
Em '. Bn’ lad. : sin. Emn ox ABC, sxid 
Bn , Co ’ cos. BC , rad. (13) 

COS. 

:, Bfn ; ^ cos. BC . sin. ABC, but sin. (233) if a z: 

the semi-axis maior, & the seihi-axis minoi of the orbit, .r=the distance of the 
planet from the sun, »=the wean hourly motion, then Bm=vxj^, hence. 


V X 


ab 

O'* 


Co : : cos. BC : , theiefore Cozzvx 

cos, BC 


ab cos. A 
1? ^ ros. BC 


ab 

— X 

a' 


cos, incl. orb, to eel, hourly motion in Longitude, 
cos. lat. 

Also, Em ; mn ‘i rad. . cos. Bmn oi ABC * (because cos. E = cotan. AB x 
tan. BC divided by lad.) iad‘. . cotan. AExtm. EC, hcncc (radius being 

unity), wn=tix^xcotan,.4J3xtan.iJC=wx^xcot. plan. dist. node x tan. 

^t. the hourly motion in Latitude. Hence we may constiuct Tables of th^ 
l^ourly motions of the planets both in longitude and latitude. 


CHAP. XL 


ON THE OPPOSITIONS AND CONJUNCTIONS OF THE PLANETS 


Alt. 285. TThE place and time of the opposition of a supcuoi planet, oi 
conjunction of an infeiioi, aie the most impoitant obseivations foi de- 
tei mining the elements of the oihit, because at that time the obseived is 
tlie same as thetiue longitude, or that seen from the sun; wheieas if obseiva- 


tions be made at any othei time, we must reduce the obseived to the true longi- 
tude, which requiies the knowledge of then relative distances, and which, at 
that time, aie supposed not to be known. They also furnish the best means of 
examimng and correcting the Tables of the planets motions, by companng the 
computed with the observed places. 

236. To determine the time of opposition, observe, when the planet comes 
veiy near to that situation, the time at which it passes the meiidian, and also 
its light ascension (118 oi 122), talvc also its mciidian altitude ; do the same 
for the sun, and lepeat the observations for seveial days. Fiom the observed 
meiidian altitudes find the declinations, and from the right ascensions and 
decimations compute (124) the latitudes and longitudes of the planet, and 
the longitudes of the sun. Then take a day when the difference of then longi- 
tudesis nearly 180°, and on that day leduce the sun’s longitude, found from 
obseivation when it passed the meiidian, to Uie longitude found at the time (f) 
tlie planet passed, by finding from observation, or computation, at what rate 
the longitude then inci eases. Now in opposition the planet is letiograde, and 
therefoie the difference between the longitudes of the planet and sun increase bv 
the sum of then motions. Hence the following Hide, As the sum of their 
daily motions in longitude tlic difieiencc between 180° and the difference of 
their longitudes i educed to the same tunc (0, (subtracting the sun’s longitude 
fiom that of tlie planet to get die diffeience leckoneil from the sun according to 
the oidei of the signs) ;; 247/. ; interval between that time ({) and the tiipe of 
opposition. This niteival added to oi subtracted from the tune (/), according 
as the difieiencc of theii longitudes at that time was gieatei oi less than 380° 
gives tlie time of opposition. If this be repeated foi several days and the mean 
of the whole taken, the tune will be had more accniately. And if the time of 
opposition found from obseivation be compaied jith the time by computaUoa 
fiom the Tables, the diffei ence will be the ciioi of the Tables, whidi may serve 
as a means of collecting them. 


Ex. On October 24, 1763, M. de la Lande obseived the diffeience between 
the light ascension of 0 Aries and Saturn, which passed the meridian at lo/i. 
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ON THE OPrOSlTlONS AND CONJUNCTIONS OP THE PLANETS. 

17' 17" appaient time, to be 8“. 5'. 7", tlic stai passing fiist. Now the apparent 
right ascension of the stai at that time was 25°. 24'. 33", 6, hence, the appaient 
u-ht ascension of Satuin was 3°. 29'. 40",6 at 12/a 17'. 17" apparent Ume, 
oi 12 / 1 . 1'. 37" mean time. On the same day he found, fiom obseivation of the 
meudian ’altitude of Saturn, that its decimation was 10°. 35'. 20" N. Hence, 
flora the light ascension and decimation of Saturn, its longitude is found to 
be 1’ 4° 50'. 56", and latitude 2°. 43'. 25" south. At the same time the sun’s 
longitude was found by calculation to be 7’. 1°. 19'. 22", winch sitoctcd 
from 1’. 4°. 5Cy. 50" gives 6‘. 3°. 31'. 34" j hence, Saturn was 3 . 31 . 34 beyond 
opposition, but being retrograde must afteiwards come into opposition. Now, 
from the obseivations made on several days at that time, Satuin s longitude was 
found to deciease 4'. 50" in 24 horns, anti by computation the sun’s longitude 
inci eased 59'. 59" m the same time, the sum of which is 64'. 49" j hence, 64. 
49" 3°. 31' 34"-. 24/a 78/a 20'. 20", which added to Octobei 24, 12/1.1.37 

gives 27d. 18/a 21'. 57" foi the time of opposition. Hence we may find the 
longitude of Saturn at the time of opposition, by saying, 24/i : 78/a 20. 20 
4' so" 15'. 47" retrograde motion of Satuin in 78/i. 20 . 20 , which sub- 
tracted* from V. 4°. 50'. 56" leaves 1*. 4°. 35'. 9" the longitude of Saturn at the 
time of opposition. In likemannei we may find the sun’s longitude at the 
same time, in older to prove the opposition, hence, 24/i. 78/a 20. 20 :• .>9. 

59" • 3° 15' 47", Thick added to 7’. 1°. 19'. 22", the sun’s longitude at the 
time of observation, gives 7“. 4°. 35'. 9" foi the sun’s longitude at the tune 
of opposition, winch is exactly opposite to that of Satuin. Hence also we may 
find the ktrtiide of Saturn at the same time, hy observing in like nuuniei the 
(lady variation, oi by coinputalion fiom the Tables after the elements of its 
motions arc known and the Tables constiuctod , by which it appeals, that in 
the is^aievi'l hetTcen the time of observation and opposition the laliUulc had 
uicrcafM 6", and latitude was 2°. 43. 31 . 

237. Tins is the method vdiicli is now made nse of to determine the tune ot 
opposition of the planets. The method used by Tvciio, Hevelius and 
Tlamstead was the same, except that tlicy clctei mined the latitude and longi- 
tude of the planet flnm ohseiving its distance from two known fixed stai s, m 
the following manner. Let F he the pole of the ecliptic, a and b the two stars, 
w the plstnet j then observe wia, mb. Ako, Fa, Pb the complements of the 
latitudes of a and b, and the angle aPb the difference of tlicii longitudes, are 
known, ftojn winch find aMml the angle P«/>, then in the tiianglc 
we know ail the sides to find the angle mah, which added to or subti acted from 
the an^^le Pab, according to the position of m, gives tlie angle Pam ; hence, in 
the tiiangle Pam, we know Pa, am and the angle Pam, to find Pm the comple- 
ment of the planet’s latitude, and the angle a Pm the diflfciencG between the 
longitudes of the planet and the star «. Thus also may the place of any new 
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phaenomenon, as a comet, be deteimined, if you have not an oppoitunity of 
observing its light ascension and decimation, 'whicli howcvei is the most 
accurate method. 

238. The place and time of conjunction of an infer ioi planet may be found 
in like manner, when the elongation of the planet from the sun, near tlie time 
of conjunction, is sufficient to icndei it visible , the most favouiable time theie- 
tore must necessaiily be when the geocentric latitude of the planet at the time 
of conjunction is the gieatcst In the year 1689, Venus was in its infeiioi 
conjunction on June 25, and it was observed on 21, 22, and 28 ; hour which 
observations its conjunction was found to be at ISA. 46' appaient tunc at Paris, 
in longitude s 4°. 53'. 40", and latitude 3°. l'. 40" north. The time and place 
of the supoiioi conjunction may be also thus obsoivcd, when the state of the 
an 13 very favourable ; for as Venus is then about six times as far from the eaith 
as at its infeiior conjunction, its apparent diametei and the quantity of bght 
which we receive from it are so small, as to render it difficult to be peiceived. 
But the most accurate method of ohseiving the time of an infenoi conjunction 
both of Venus and Mercuvy is fiom obsoivations made upon them in their 
tiausits ovci the sun's disc. This wc shall explain, when we come to tieat on 
that subject. 


CHAP. XIL 


ON THE MEAN MOTIONS OE THE PLANETS 

Alt. 239. The dctenuination of the mean motions of the planets, fiom their 
conjunctions and oppositions, ■would veiy readily follow, if we knew the place 
of the aplicha and excentucity of tlieir orbits , for then we could (223) find the 
equation of the orbit, and reduce the true to tlie tiiiean place. The mean places 
being deteimined at two points of tunc give tire mean motion conesponding to 
the interval between the times. But the place of the aphehon is best fixed fioin 
the mean mofion„ To detenniue thcrcfoie the mean motion, independent of 
the place of the aphelion, we must seek for such oppositions oi conjunctions as 
fall very neaily in the same point of the Heavens ; for then the planet being 
nearly in the same point of its ofbit, the equation will be very nearly the same 
at each ohseivation, and therefore tlie companson between the tiue places will 
be nearly a companson of their mean places. If the equation should differ 
much in the two observations, it must be considered. Now by compaiing the 
laodeiTi observations, we shall be able to g^t nearly the time of a revolution ; 
and then by comparing the modem "With the ancient observations, the mean 
motion may be veiy accurately determined , for any eiror, by dividing it 
amongst a gieat numbei of revolutions, will become very small in respect to one 
revolution-. As this will be best explained by an example, we shall give one 
from M. Cassini (Ehtn. d^Astron. pag. 362), with the piopei explanations 
as we piocced. 

Ex„ On Septcmbei 16, 1701, Saturn was m opposition at 2//. •when the place 
of the sun wastiji23°. 21'.. 16", and consequently Saturn in k 23°. 2i'. 16", with 
2°. 27'. 43" soudi latitude. On Septcmbei lO, 1730, tlic opposition was at 
12A. 27' and Saturn inK 17°. 53'. 57", with 2°. 19'. 6" south latitude. On Scji- 
tomber 23, 1731, the opposition was at I57i. 51' in r 0°. SO'. 50", witli 2°. 36'. 
95" south latitude. Now the interval of the two fiist ohseivations was 29 years 
(of which 7 were bissextiles) wanting 6d 13h. 33', and the interval of the two 
Wwas ly. 1 3d. S/i. 24'. Also, the diffeicnce of the places of Saturn in the 
two fiist observations was 3°. 27'. 19", and in the two last it was J2°. 30'. 53". 
Hence, in ly. ISd. tJi. 24' Saturn had moved ovei 12°. 36'. 53"; therefore 12°, 
36'. 53* : 5°, 27'. 19"’ ly. 13d. 3h. S4i' : iSSd. I2h. 41' the time g£ moving over 
.5°. 27'. 19" veiy nearly, because Saturn, being neaily in the same part of its 
orbit, will move nearly with the same velocity , this therefoie added to the in- 
tfml of time between the two fiist observations (because at the second obser- 
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vation Satinn wanted 5°. 27'. 1 &" of being up to the place at the first obseu ation j 
gives 29 common years I64id. 2Sh. 8'fbi the time of one revolution. Hence 
say, 29y. IGM. 23/l 8' ; 3Q5d.-- 360° : 12°. 13'. 23". 50"' the mean annual* mo- 
tion of Saturn in a common yeai of 365 clays, that is, the motion in a yoai if it 
had moved uniformly. If we divide this by 365 we shall get 2'. O". 28"' for the 
mean daily motion of Satuin. If we had tahen the mean annual motion of Sa- 
turn answering to 12°. 36'. 53" in It/, 13d. Sh. 24', it would have been found 
12°. 10'. 35", which differing only about 3' from the tiiic motion, it follows that 
Saturn was then moving with its mean velocity, veiy nearly, and consequentlv 
was veiy neai its mean distance. The mean motion thus deteimined will be 
sufficiently accuiate to determine the numbei of i evolutions which the planet 
must have made when we compaie the modern with the ancient obscivations, 
in Older to deteimine the mean motion more accurately. 

The most ancient obsei vation which we have of the opposition of Saturn 
was on March 2, in the year 228 before J. C. at one o’clock in the afleinoon 
in the meiidian of Pans, Satuin being then in nji 8°. 23', with 2°. 50'noith lat. 
On Fcbiuary 26, 1Y14, at 8//. 15', Saturn was found in opposition in itji 7°. 
56'. 46", with 2° 3' noith hit. Fiom this time we must subtract 11 days, in 
oidei to reduce it to the same style as at the fiist obsci vation, and consequently 
this opposition happened on Fcbiuaiy 15, at 8//. 15'. Hence, the difleicncc 
between these two places was only 26'. 14". Also, the opposition in 1715 was 


* If a the moan plate of a planet lu its oibit, and b the mean place at the interval of a year (ah 
bcino tile Older of tbc synH), then ab is called tlie mean annual inotion, the number ol c oiupltte i evo- 
lutions being rejected, if tlie planet have made one' or inoic revolutions Hence, if to the mean place 
of a planet at the beginning of any year vve add the mean annual motion, it gncs the mean place at the 
licginniiig of the next ycai, i ejecting 360“ if the sum be greater The mean annual motion is that 
belonging to a common year of 365 days , theieloie foi a bissextile we must add the mean motion ot 
1 day m order to get the mean annual motion for that yeai In like inannci, if n and b be the mean 
places at the mtenal of 100 ycais containing 25 bissextiles, ah is called the mean semha motion, 
vliuh added to the mean jilaee ol a plaint at the bi ginning of any ycai, gues the mean pLue at thi 
I'lid of the lOOth ycai fioni that time Foi instance, the moan aiiuiul motion of 3Iaii is b 11“ 17'' 
10'', audits mean place at the beginning of 1789, was 9* 17“.22' 29", to this therefoie add 6’ 11“ 
J7' 10" aud(K|cetiug 360°) we get 3’ 28° 39' 39", the imau place at (he beginning of 1790 As 
the mean daily inotioii of Maio is 31' 2?", the mean anniuil motion in a year of 36G days is 6’ 11° 
48' 37" Now in a bissextile, the ytai begins on .Tauuary 1, at noon, hut in the common years it 
b( gins on Dtcenibci 31, at noon, by the civil acc ount , therefoie the yeai jpitt cdwigthcbissextile has 366 
days in the Asti onoinieal Tables Hem e, at the beginning of 1787, the mean place of Mars being Ss 
24° 10' 43", and theiieU year being bissextile, ifweaddO', IP 48 . 37'' it gives 3' 6° 5' 20" foi 
tlie mean place at the beginning ot 1783 The mean secnlai motion of Mai-s is 2 P 42' lO", winch 
added to 11’ 22" 2'. 49" the mean place of Mais at the beginning of the yeai 1400, will give 1’ 23° 
44' 59" the mean place at the beginning of the year 1500. If the 100 years contain only 24 bissex- 
tiles, as may sometimes happen, the mean seculai motion will be 2* 1°. 10' 43" But ot this vve 
shall have to say more, when we treat of the ConsUm-non of die Tables of the Planets motions. 
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All March 11, af 16//. 55', Saturn being then m nji 21°. 3'. 14", with 2°. 25^ 
aoith lat. Now between the two first oppositions theie were 1942 ycais (ot 
which 485 weie bissextiles) wanting l4rf. 16/i. 45', that is, 1943 common 
yeais and 105rf. 7/i. 15' ovei. Also the inteival between the times of the two 
last oppositions was S78c?. 8h. 40', diuing which time, Satuin had moved ovci 
13°. 6'. 28"; hence, 13°. 6'. 28" 26'. 14": 378d. Sk. 40' 13//. 14A. which 

added to the time of the opposition in 1714, gives the time when the planet 
had the same longitude as at the opposition in 228 befoie J. C. This quantity- 
added to 1943 common yeais 105d. ^h. 15' gives I943i/. 118c/. 21/i. 15, in 
which interval of time Saturn must have made a ceitain complete numbci of 
revolutions. Now having found, from the modem observations, that the time 
of one revolution must be nearly 29 common years 164c/. 23//. 8', it follows that 
thenumbei of revolutions in the above inteival was 66 . dividing theicfoie that 
inteival by 66 we get 29y. I62d. 4//. 27 for the time of one levolutioii. Fiom 
comparing the oppositions in the yeais 1714 and 1715, the tiue movement of 
Saturn appears to be veiy neaiiy equal to the mean movement, which shows 
that the oppositions have been observed veiy near the mean distance; conse- 
quently the motion of aphelion cannot have caused any consideiable eiior m 
the detei mination of the mean motion. Hence, the mean annual motion 
IS '12°. 13'. 35". 14'", and the* mean daily motion 2'. 0". 85"'. Di. Hallet 
makes the annual motion to be 12°. 13'. 21". M. de Place makes it 12 . 
13'. S6",8. As the revolution heie determined is that in respect to tho 
longitude of the planet, it must be a tropical icvolution. Hence, to get the 
sideieal revolution, we must say, 2'. O". 35'" 24'. 42". 20"'^ (the piccossion in 

the time of a tiopical revolution (148) ) 1 day 12c/. 7// l. 37', winch added 

to 291 / 162c/. 4//. 27' gives 2%. I74c/. llh. 28'. 57" the length of a Mileieal your 
ofSatiun. 

240^ Inthc same mantier that we hav-c deteimined the time of a tropical 
revolution of Saturn from those oppositions which happen nearly in the same 
point of the heavens, we may determine the periodic tune of Jupiter and jSIars; 
we shall theiefore select such observations from Cassini, as may be proper for 
this purpose. 

In 1699, Jufiter was in opposition at Paris on June 14, at 107/. 8' in t 23°. 
52'. 40", with 0°. 23'. 7" noith lat. In 1710 the opposition happened on May 
17, at 18/i. 24' ill t 26°. 47'- 47", witli 1°. 4'. 50" noith lat. In 1711 the 
opposition was on June 20, at 6/c. 37' m # 28°. 36' with 0°. 15. 50 noith lat. 
From these observations, the time of a mean levolution comes out ll,y. 31 3d. 
1 6/j. 54'. Now the most ancient opposition is that observed by Ptolemy on 
May 15, 133 years after J. C. at 23/t. S', Jupitei being in tn 23 . 22. 22. 
Ojx May 12, 1698, it happened at 5h. 46' in ai 22°. 20'. 32". On June 14, 
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IG9D, it happened at lO/i. s' in t 23°. 52'. 42". Fiom tliese observations, 
piocecding as for Saturn, the time of a tropical revolution comes outlly. 
^\5d. \Qh, But from the mean of seveial obseivations Cassini determined 
it to be \\y. S'lSd. 14/i, 36'. Hence, its mean annual motion is 30°. 20'. 
31 ". 50'". In his Tables he makes it 30°. 20'. 34". Di. Halley, in lus Tables, 
makes it 30°. 20'. 38". M. de la Place makes it 30°. 20'. 31",7. 

In 1715 Mars was in opposition on Apiil 21 , at llL in i°. 9 '. 30". On 
June 11, 1717 , the opposition happened at 9/t. ll' in ^ 20°. 17 '. 15 ". Now 
in this time, which was 2 yeais (one of which was a bissextile) and 50d. 22 /<, 
11 ', Maishad made one i evolution and 49°. 27'. 45" ovei ; hence, from these 
two obsepvations, we shall get a sufficient approximation to the lime of a revo- 
lution, by saying, 360° + 49°. 27'. 45" . 360° .nid. 22}u 11 ' ; 687 J. Uh. 15' 
the lime of a revolution. Now, flora, the observations of Ptolemy, it ap- 
perns that Mais was m opposition on December 13, at il/i. 48' at Pans, 130 
yeais after J. C. in n 21°. 22'. 50". In 1709 Mars was in opposition on 
Januaiy 4, at 5h. 48' m <s, 14 °. 18' 25". Between these observations thcie was 
an inteival of I578y. lid, 187/., and consequently the tune of a tropical 
^volution comes out 686d. 22h. 16' Piom the mean of several lesiilts 
Cassini makes it 686d. 22 k. 18'. Hence, the mean annual motion is 6‘. 11 °. 
17'. 9 ',. 5 . Dr. IIiLLPy makes it 6' 11°. 17 '. 10" in lus Tables; and M. dela 
Lande makes it the same 'Plic mean motions thus found may be consideicd 
as sufficiently acciuate to settle the place of the aphdiou and cxcentncity of the 
mbit; aftei which the pei iodic time may be determined with gi cater aecuiacy: 
Taking therefbie the place of the aphehonp and. excentncity of Jujiitci andv 
Mai s as we shall afteiwaids sefrtle-it, we will proceed to show how we may 
coneetthe periodic tome already found, by allowing for the difference of tlio 
equations at the diffeientobseivations. 

On May 15, 133 years aftei J. C. Jupiter was in oppo.sitio>n at 23/i 3' in the 
meiulian of Pans, in ni 23°. 22'. 22", and. the equation of the oibit being 5°. 
12'. 46", the mean place was m 28°. 35'. 8". On May 12, 1698, at 5//. 46' in 
the evening, Jupiter was in opposition' in m 22° 20 '. 32", and the equation 
being 3°. 51'. 21", the mean place was «i 26°. iT. 53 " , hence, the (hffcience 
between the mean places was 2°. 23'. 15", the time of dcsciibing which was 
286?. nk, IS accoiding to the mean motion alicady detennmed , tins added to 
tlictime of opposition on May 12, 1698, gives June 10, li7/ T at winch tune 
the mean place was the same as at tlie first ohSeivation. Hence, the intcival 
of these obseivations divided by 132, the- number of revolutions, gives 
SlSd. I2h. 54' fbi the time of a mean tropical 1 evolution. From the mean of 
tins and two other observations, Cassini finds the time to be li^. siSd. 127/. 
33 ' , and consequently its mean annual motion 30°. 20', 33". 56'". JB/m. d^ 
Aslron, pt 431. 
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On December IS, ISO yeais after J. C. Mars, fi’om the observations of 
Ptolemt, was in opposition at ll/A48'in n 21°. 22'. 50"; and the equation 
being !7°. 2'. 44", the mean place was n 14°. 20'. 6". On Decembei 11, 1691, 
at Sh. 14' the opposition happened in n 19°. 55'. 16", and the equation being 
10°. 16'. 14", the mean place wasn9°. S9'. 2". Now the diffeiencc of these 
mean places was 4°. 41'. 4", the time of describing which is Sd. 22/f. 31', which 
added to Decembei 11, S/i. 14' gives December 20, Ih. 45', when the mean 
place was the same as at the first observation. The interval of these times was 
1561 yeais (of which 390 weie bissextiles) wanting Sd. lOh. S'; which divided 
bySSO, the numbei of revolutions, gives 686d. 22/i. 18'. S9" for the time of a 
mean tropical i evolution ; consequently the mean annual motion is 6*. 11. 
17' 9",5- Tins collection is not necessary to he applied to our deteiraination 
of the periodic time of Saturn; for as it was obseived neai the mean distance, 
wheie the equation is a maximum, the variation of +° in the place would not 
cause any sensible vaiiation m the equation. 

241. In the same mannci we may deteimine the time of a tiopical revolution 
oi Venus, by comparing the tune of two conjunctions, fiist getting an approxi- 
mation in Older to be sure of the number of revolutions. Now in 1709, on 
June 22, at 6li. apparent time, Venus was in supeiior conjunction in <s 0°. 
.56*. SO"; and in 1705, on June 21, at 227i. an infenoi conjunction happened 
in ® 0°. 36'. 52". In this interval Venus must have made 6| i evolutions and 
19'. 38", theiofoie the time of one i evolution is found to be 224'^ days nearly. 
To got the time inoie acemately, we must take two conjunctions at a gieatei 
inteival of time, and allow for the diflbreiice of tlic equations at the times of 
observation. Now m 1639 on December 4, at 6Ji. 11' mean time, Venus was 
in conjunction in n 12°. 31'. 44" on the ecliptic, and n 12°. 31. 37 on its 
orbit; and the equation being 40'. 26", gives its mean place n 13°. 12'. 3". 
In the conjunction 1716, on August 28, at 16A. 37' mean time, Venus was m 
• K 5°. 49'. 53" on its oihit; and tlic equation being 25'. 1 1", gives the moan 

place X 6°. 15'. 4". Now in this interval of time, which has been 76 common 
yeais and 286d. 10k. 26', theie haVc, fiom what has been shown above, 
been 125 revolutions and 8". 23°. 3'. l"; hence, 125 levolutions 8‘. 23°. 3'. 1" : 
360°. .:76^. 286d. 10k. 26'. 224d. I6k. 4l'. 40" the time of a mean ttopkal 

revolution. Hence, tlic mean annual motion is 7*. 14°. 47'. 28 . Eleni. <7* Astron. 
page 562. 

242. Cassini proposes also to find the time of a revolution, by compaiing 
the ancient observations with the modem ones made when Venus was not in 
conjunction, for the ancient Astronomeis could make no observations in con- 
junction for want of telescopes. Tor example. On Decembei 25, 1,36, at 4//. 
Venus seen from the eaith appeared in 1®. 20°. 13'. 45"; and on December 
17, 1594, at 4//. so' it was seen in 1*. 23°. l'.36", advanced 2°. 47'. 51" beyond 
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iho filst obseivation; and as Venus lan thiough this space in id, llh. 54 i\ 
Cassini concluded that on Decembei 15, 1594, at lO/i. 36' Venus was in the 
same place as at the first obseivation, the inteival of winch times was 1458 
common yeais SS4rf. 6k. 36', in which Venus had made 2370 i evolutions; 
hence, the time of one revolution is 224c?. l6Zs. 39'. 4". 'This method would 
be accuiate, provided the eaitli was at tlie same point at both times, and the 
Dibit of Venus was fixed. Hence, the mean annual motion is 7‘. 14°. 47'. 45" 
Cassini in his Tables makes it T. l4°. 47'. 29". Di. Halley makes it 7®, 
14°. 47'. 28". M. dc la L/inde makes it T. 14°. 47'. 30". 

243. The peiiodic tunc of Metcurti maybe veiy accuiately dctcimincd fiom 
its tiaiisits ovei the sun’s disc, foi as they have ficquently been obseived, we 
have an oppoitunity of chasing such as will give us a veiy accuiate conclusion. 
From the obseivations of the conjunction of Meicuiy on No\ ember 6, 1631, 
Cassini found the time of the conjunction to be at I9h. 50', and the tiue 
place of Meicury l*. 14°. 41'. 35". On November 9, 1723, at 5h. 29', the 
conjunction was in l®. 16°. 47'. 20", only 2°. 5' 45" beyond the place at the 
fust observation. Now accoiding to the Tables of Cassini, this dilFerence is 
jubt equal to the motion of the aphelion of Mais in the same tune, conse- 
quently Meicury was m the same place in its orbit at each tune, and therefore 
the equation was the same. Also, the conjunctions happening vei;^ neaily at 
the same time of the year, the cqualiou oC tune was veiy noaily the same, and 
therefore the difference of the apparent times is the same .is of th«ti ue. Hence 
in the intcival of 92 yeais (of which 22 were bissextiles) and 2(/. 9//. 39',’Mer- 
cuiy (fioin first finding ncaily the tune of a levolution by 2 conjunctions near 
each othei) is found to Jiave made 382 revolutions 2°» 45", hence, by propoi- 

tion, the time of a tiopical levolution is 87d, 23h. 14'. 20",9, and the mean 
anmuil motion comes out 1' 23° 43'. 1 1". 39'". Cassini, in his 'fables, makes 
It 1®. 23°. 43'. 1 1". Di. JI ALLEY makes it 1®. 23°. 43'. 2", and M. dela Landp, 
l 23°. 43'. 3". 


On the Secular Motions of Jupitei and Saturn. 

2 i4. 'Ihc tunc of a rciolutiou of Satin n deduced horn the modern obsci- 
lations comes out gicatcr than tliat deduced fiom a compaiisoii of fhe modem 
with the ancient obscuatlons. If therefore the modem obseivations could be 
depended upon to give the tunc of a levolution neaiei than tliat difference, it 
would prove that the length of Saturn’s yeai is increasing. Now although 
obseivations made at a small intcrwal of time, could not be sufficient to esta- 
blish this point, yet fiom a coinpaiison of out obsenations with those made by 
'fyciio. It appeals tliat tins is the case. The length of the yoai fherefoie when 
vox. 1. ' IX 
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ascertained for one time wiU aftei wards want a coirection, and the quantity of 
this coirection is called the Secular Equation. 

^ 4 s 5 . Keklbr fiist obseived this circumstance, fiom examining the observa- 
tions of Regiomontanus and Waltheeus; foi he constantly found Jupiter 
forwardei and Saturn baclcwaider than they ought to have been from the mean 
motions determined from the observations of Ptolemy and Tycho. He said 
the same of Mais; but M. de la Lande obseives, that he cannot find tlieic is 
any secular equation wanted for that planet. Flamstjcad also observed, that 
in all the best Astionoinical Tables, the mean motions of Saturn weie too 
swift, and of Jupiter too slow; whence it came to pass, that the computations 
gave those conjunctions which happened when the planets weie direct^ some 
days sooner, and when rctiograde, some days later than the time fiom obser- 
vation; EhiL Trails, N®. 149. Heveijus also obseived the same. M. Maraldi 
perceived also tliat the mean motions of Satuin, if we suppose them unifoim, 
would not agree both with the observations of Tycho and those of this age. 
Dr. Halley, in his Astronomical Tables, applied a secular equation of 
for 2000 yeais to Saturn, and 3°. 40' to Jupiter, but he does not give the ob- 
seivations from which he deduced these conclusions. M. de la Lanjde, fiom 
compaiing the oppositions in the ycais 1594, 1595, 1596 and 1597 with those 
m 1713, 1714, 1715, 1716 and 1717, found the mean motion of Saturn to be 
12®. IS'. 19". 14"' which IS 16" in a ycai less than that given by Cassini, and 
the duration of the revolution greater by near 4 days. He chose lliosc opposi- 
tions which happened neai the mean distance (as Cassini did also), because the 
tiiic and mean motions bang then equal, the conclusions would be moie 
accuialc. Ho also chose other oppositions at the distance of about 120 years, 
and wlicii Jupiter and Satuin weie iii simiLii situations, so that no oiior was to 
be apprehended firom their mutual attraction, this being the same in cacli case. 
Now if with the mean motion foimd in 120 yeais, the place of Satiiiii, fioni 
where it is now found to he, be computed foi the time of the obseivation be- 
fore mentioned m the year 228 before J. C. the longitude will be found to be 
too gieat by 7°; this therefore is the secular equation foi 2000 years, according 
to this mean motion. But from otlier observations he concluded the mean mo- 
tion to be 12°. 13'. 26",558. With this mean motion he finds the secular 
equation to be 47" in tlie fiist centuiy fiom which this motion was deduced; 
for with this mean motion and secular equation, the calculations best agree witli 
the ancient observations. From the theory of attraction it appears, that sup- 
posing the aphelion of Saturn and Jupiter to be fixed, the seculai equation va- 
nes as the square of the time, which M. de la Lande thinks may be de- 
duced from this consideration, that the veloaty lost by Saturn in consequence 
of the cause which produces the equation being so very small, may be consi- 
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deied equal in equal times; whence fiom the principle of the law of falling bo- 
dies, the space lost must vaiy as the squaie of the time* Niow horn five obser- 
vations of Ptolemy, he found the secular equation fbi the first MX) years to 
be 47'} hence, 100^ t 47" : the seculai equation for ^ years. Nowtlie lo- 
gaiithm of 47 mnm the logaiithm of 100* is 7,6720979; hence, if to tins con- 
stant loganthm we add twice tlie logaiithm of /, we shall have the logaiithm 6f 
the secular equation foi I years fiom the commencement of the 100 yeais, to 
be subtracted from the mean longitude 
246. But besides the seculai equation, the mean motion of Saturn is aho 
subject to othei irregulaiities, which aie found to follow from the attiaction ot 
Jupitei. Di. Halley, in his Astronomical Tables, obseivcs that Jupitei fiom 
his opposition in 1677, to that in 1689, was found, fiom indubitable observa- 
tions, to be 12' slower tlian in tlic pieceding or subsequent levolutions. Also 
the penodic time of Saturn between the yeais 1668 and 1698 was neaily a week 
shorter than its mean revolution; and the pciiodic time between 1689 and 
1719 was nearly as much gicatci, so that between die two i evolutions thcic 
was a difieience of moie than 13 days. This Di. Halley supposes to aiise 
fiom the attiaction of the greater bodies in the system being diffbient in dil- 
fcient positions. For he observes, that in 1683 there was a conjunction of 
Jupiter and Saturn, when fiom the position of the apsides, the planets ap- 
proached nearest to each other, and Saturn was most urged towaids the sun 
and Jupiter firomit, so that Jupitei ’s •velocity being increased and its foicc to 
the sun diminished, its oibit was incieased and consequently its periodic time; 
on the contrary, Saturn’s velocity being diminished and its force to the sun im 
creased, its orbit, and consequently its periodic time, ' was diminished. Now, 
says he, if the same thing should happen again, that is, if a conjunction should 
take place again in the same point of the Heavens, and the same effects should 
follow, we may hope that it can be accounted for fiom the Laws of gravity , 
but if, in like circumstances, the same effects arc not found to take place, other 
extianeous causes aic to be sought for. But M. de la Place has discoveied, 
that these inequalities, as well as the seculai equations, may be represented by 
an equation, from Jupitei ’s attraction, of 48', which depends on 5 times tlie 
longitude of Saturn minus twice that of Jupitei, of which the peiiodis 9i8 
years. For tins we must employ the mean annual motion of 12°. 13'. 36",8l. 
Jhus all the irregulaiities of Saturn’s motion are confined to a certain period, 
after which they all return again. In the yeais 1701 and 1760 the errors of 
Dr. Hailey’s 'Tables were 8^' and 21^', according to M. de la Lande, so that 
the motion of Saturn was gi eater by 13', and its periodic time was shelter by 6J- 
days, tlian in its i evolution between 1686 and 1745. Now the mean anomaly 
in 1701 and 1760 was 3°. i', and the angle at die sun between Jupiter and Sa- 
turn was 19° in 1701 and 30° in 1760, so that the error in the mean motion 
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could Dot arise fiom any dissimilai situations of Saturn in its oibit, by 'whicli 
the elements of the motions might eir ; nor fiom the difterent situations of Ju- 
pitei, that diffeicuce not being sufficient to cause such an eiioi. 

247 The motion of Jupitci lequires also a seciilai equation, as Dr. Halley 
obseivccl, who inadc it 3°. 40'. 24" foi 2000 years, oi 34", 4 for the fiist century, 
supposing It to incjcasc as the square of the time. M. Maraldi also observed, 
that the modern observations gave the motion of Jupiter greater tlian the an- 
cient. M. de la Lande found by comparing the observations made 240 years 
bcfoic J. C, with those in the year 508, that Jupitci’s seculai motion in 83 years 
was 2'. 04". And compaiing the observations in 508 with tliose in 1503 and 
1504, we find nearly the same result. But if we compare die conjunction of 
Jupitei with Reguhis on October 12, 1623, with the like observation made in 
1706, we find it 21' foi 83 years. Dr. Hallet, in his Tables, fixed it at 12'. 
26" loi S3 ycais, which makes tlie revolution 8 horns shorter than that deduced 
fiom the ancient observations. The oppositions fiom 1689 to 1698 compared 
with those in 1749, give a mean motion equal to that in the Tables of Cassini, 
which Tables give the place of Jupiter l' too much in 508. Tliese conclusions 
indicate a great iiicgulaii.ty in Jupiter’s motions; and this ii regularity is further 
confirmed, if we consider that M. Wargentin makes the secular equation for 
the first 100 years to be 18", M. Bailly makes it 12i", and M de la Lande 
fixes it at 30^' for the first 100 yeais, or 3°. 23'. 20" foi 2000 yeais, admitting 
it to increase as the square of the tunc, which agrees nearly with Dr. Hal- 
ley’s detciminati on. M. de la Grange, from the theory of gravity, finds it 
to he s'. 18", whicli, as M de la Lande observes, agrees veiy well with the 
obseivationsfiom 1 590 to 1762, but not with the ancient obseivations. Euler 
determined it from tlieoiy to he 2'. 23". M. do la Lande says, that his own se- 
cular equation, with the mean secular motion of 5*. 6°. 27'. SO", agice as nearly 
as possible to all the obseivations. M. de la Place found in 1786 an ine- 
quality of 20' fiom the attraction of Saturn, the period of which equation is 
918 years, as in Saturn. 'Thus he made the secular equation disappeai, it be- 
ing only an irregulaiiLy whose period is 918 years. This supposes a secular 
motion of 5*. 6°. 17'. 33". The secular equation being determined for 100 
yeais, it may he found fbi any other time, as it was for Saturn, by taking it in 
propoition to the square of the time. 

The longitude of the sun lequires a secular equation of 12' for 2500 years, 
ansing from the diminution of the precession of the equinoxes, according to> 
.M. de la Lande;. 
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Accoiding to Dr. Halley. 
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According to M. dc la Lande. 
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The secular motion is in lespcct to the equinox. 

The ^seculir motion of the Georgian Planet in respect to the equinox is 2‘. 
13 . 16. 55"; Its tropical revolution is 83y. 52d 4h. its sideieal revolution is 
SSi/. 150d. 18h ; and its tiopical diurnal motion is 42", 678026. 

Di. Halley made the length of a tropical year S65d. 6?i. 48'. 55", Flam- 
stead and Sir I. Newton made it 57", 5, Mayer 51", and M. de la Caille in 
his Tables 49". By our determination, 57". 
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CHAP. XIII. 


ON THE OELATEST EQUATION, EXCENTRICITY AND PLACE OF THE APIIELLV 

-OF THE ORBITS OF THE PLANETS 

Art. 248 . H AVING determined the mean motions of the planets, we pio- 
ceed next to show the method of finding the greatest equation of then oibits, 
and fi'om thence the excenliicity and place of tlieir apheha. For although, 
in order to determine the mean motions very accurately, these things were 
supposed to be known, yet without them the mean motions may he so nearly 
ascei tamed, that these elements may fiom thence be veiy accurately settled. 

FK!. 249. Let Jf be the aphelion, S the focus, take SW a mean piopoitional bc- 

52 tween the semi-axis major and minor, then ( 230 ) when the planet comes to 
the points F and IF the equation is the greatest j at which tunes let the mean 
places be at v and w, then the difference between the tiue and mean mo- 
tions fiom F to IF IS the sum of the angles FSv, WSw, or 2WSxi\ the 
half of which is the greatest equation. Now to find when this happens, 
observe the true places of the planet when at F and IF, take the diffeiencc of 
the two places, and compute the mean motions foi the same time, and half 
the (liflfeicncc is the gieatest equation. But as it is impossible to fix upon the 
times when the planet is accui'ately at V and JI\ scveial observations must be 
made about each tune, and compaiing them two by two, find those where 
the diffeience between the tiuc and mean motions is the gieatest, and half 
the difference is the gieatest equation. The obseivei will easily find when 
the planet is got near to the mean distance, by comparing his obsei vations for 
seveial days, and observing whether the true motion be nearly equal to the mean 
motion. Hence, if we bisect the interval it will give the place A of the aphehon. 
Having found the greatest equation, the excentiicity will be known ( 231 ). 
Oi the gieatest equation may be found thus. Having made two obsei vations 
near to F and W, find the equation corresponding, and fiom thence the place 
of the aphelion and excentiicity; then compute for the two times of observation 
the equations corresponding, and also the gieatest equation; and the difiercnce 
between half the sum of the computed equations for the times of oh.servation 
and the computed greatest equation shows the enoraiising fiom the obsei valion; 
which added to the equation found fiom observation gives the greatest equa- 
tion. 
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ON THE GBEATEST EQUATION, &e. 

Ex. To find the greatest equation of the sun. Prom the observations of 
M. de la Caille in 1751, on 

October 7, sun’s place observed was - 6’. is°. 47'. is" 7 

March 28, 1752 - . - . 0. 8. 9. 25,^5 


5. 24. 22. 11, 8 

Mean motion by calculation - - 5 . 20 . si . 43 2 


3 . 50 . 28, 6 


Thehalf of which 1°. 55'. 14",3 is the greatest equation, if no correction be 
lequired. 35ut if we take the place of the aphelion and exccrifrtcity fiom this 
equation, consideied as the gieatesi, and calculate tlie equations for these two 
times, half the ditference will be the supposed gieatest equation, compute 
also the gieatest equation, and we shall find that these diffei by 18",6, which 
Jows that the greatest equation deduced from these two obseivations diflers 
from the greatest equation itself by that quantity 5 tins therefore added to 1° 
55. 14,3 gives 1 . 55. 32 ,9 for the gieatest equation. Fiom the mean of 
several observations M. de la Caille makes it 1°. 55'. 32". 

In the year 1717 on March 2i, the sun’s place on the meridian at Pans, by 
Cassini’s Astionomy page 19i, was in t 0°. 47'. 28" and on Scptembei 23, 
in :fl= 0°. 15'. 50". Hence, the true motion in 185d ^Oli. 45' was 5'. 29°. 28'. 
22", and the mean motion in that tunc was 6‘. 3°. 19'. 12", Indf the chfference 

0 which IS 1°. 55. 25". By thus comparing tlie observation on September 23, 
1717,, with the observation on March 21, 1718, the equation comes out 1°. 
55. 16 ,5. If we compare the observation on March 28, 1717, with th^ on 
September 27, following, the equation comes out 1°. 55'. 37 ',5. And if we 
compare the observation on Maich 28, 1718, with tliat on September 27, 
1717, the equation is found to bo 1°. 56'. 3",5 The mean of all thcbe is 1°. 55'. 
35 ,5 for the greatest equation, chfleimg only 3',5 fiom the other , but Cassini, 
in his Tables, makes it 1°. 55'. 51'. In the Tables of Mayer it is 1°. 55'. 
31,6. M. de LAMBRE, from the observations of Di. Maskplyne, makes it 

1 . 55. SO", 9 in I780j foi on account of the chminution of the excentiicity 
of the earth’s orbit, the greatest equation is subject to a diminution. 

250. To find the place of the aphelion A, observe the interval of time 
liom to n, two opposite points in the mbit ; and if that be equal to half the 
anomahstic revolution, ox the time from A to Q, the points m and n must 
coincide with A and Q ; for the whole area can only be bisected by the line ASQ 
passing through S, and consequently the time of half a revolution about 3 can 
never be equal to half the time of one whole levolution but from A to Q, the 
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aieas being m pioportion to the times (219). Now the difference (c?) between 
the times fiom ^ to Q, and fiom m to n must, by taking away the tunc fiom 
m to Q which is common to both, be equal to the difference between the times 
tliroiigh Am and Qn. Put f =-the time fiom A to w, and let m and 7i be the 

7)lt 

angular velocities about S m 24 hours at A and Q. ; then n m t . the 

tunes tluough Qn, the time of desciibing equal angles being inversely as the 

angular velocities ; hence, t = cl, consequently n—w n d f. Now if the 

observation be made at m when the sun is past A, the tune tluough mOin must 
be Jess than the tunc fiom A to Q, because the aiea ASm being gieatei than 
QSn, the aiea AfnQ dcsciibcd about S must be greater than that of mQn , ami 
the conliaiy if m be on the other side of A. 

Ex. On December 30, 1Y43, at 0/t. S'. 7" mean lime, M. dcla CAiLLnibund 
the sun’s longitude to be vf 8°. 29'. 12",5 j and on June SO, 1744, at O/i. S' it 
was ss 8°. 51'. l",5; the interval of tliose two places is 180°. 21'. 49". Now 
reckoning, witli M. dela Cailll, the annual pi ogiessive motion of the apogee 
of the earth’s oibit to be 1'. 3", the distance of the apogee fiom tlie pciigce is 
180°. O'. 3l",5 ; but the sun had desciibcd 180°. 21'. 49", which exceeds 180°, 
O'. 31", 5, half an anomalistic revolution, by 21'. 17' ,5, and the sun’s motion 
on June 30, being 57'. 12" in 24 boms, 57'. 12" 21'. 17",5‘ 24/i • &fi 56' 
tlic time of dflBciibing 21'. 17", 5, which subtiacted fiom June SO, 0//. S' 
gi\os June 29, 15//. 7' when the sun was m ss 8°. 29' 43" at the distance 
oi'lSCf. 0' 31", 5 fiom the place where it was on Decembci 30, at 0//. 3'. 7*5 
the mteival of tlicse two limes is 182r/. 15//. 3'. 53", which bouig less than 
I82d. l5/i. 7'. 1", half the tune of an anomalistic levolution (150), hv S'. 8" 
(=d), the sun was not come to its apogee on June 29, l5/<. 7'. Now tlie 
sun’s motion on June 30, was 57'. 12" in a clay=:w2, and on Dcccmbei 30, Gl'. 
*12"=Ji, hence 4' , 57'. 12' :0'. 8" : 4i'. 48", which added to .Tune 29, 1.5//. 
7' gives June 29, 15//. 44'. 48" when the sun was m its apogee, at which time 
the suifs place was m © 8°. 31'. 21", which theieforc was the place of the 
apogee. 

251. To find the exccntiicity, we have (231) 57°. 17'. 44",8 57'. 4,5",5 (the 

half of 1°. 55'. SO", 9 the gicatcst equation according to M. de Lawbre) : 1 ; 
,01681 the excentiicity, the mean distance being unity. As the orbit is very 
iieaily a circle, the conection isunneccssaiy. 

252. Tlie above ractliod of finding the place of the aphelion fiom the greatest 
equation is vciy applicable to the case of the sun and moon, but it cannot be 
applied witli the same success to the planets, because they do not revolve about 
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tlie eaith, and theiefoic their velocities ncai the ajiSKles, in respect to the 
sun, cannot be obtained in like mannei. M. Cassini { Elem. d' Asiron. pag. 
S66 ) theieforc pioposes the following method. Having found the greatest 
equation, by obseaving the angle de&ciibed between the mean distances B and 
Z) thiough the aphehon obseive the planet at r near to A, and the angle 
BSr mil be the tiue angle desciibcd between B and t , then fioni the time of 
desciibing this angle compute the mean motion ; and it the diffci ence between 
the tiue and mean motions be equal to the greatest equation, then r is the 
aphehon 5 if it be less, the planet is not got to its aphelion. Make then another 
obseivation at m, and if the difleience between the tiue and mean motions 
be now greater than the equation, the planet is got beyond A. Hence say, as 
the sum ol’ the equations at r and m the equation at r ; die angle rSm . the 
angle rSA the distance of the point r fiom the aphelion j foi (229) when the 
distance fiom the aphehon is small, the equation vanes very nearly as the tiue 
anomaly. This may be collected, if neccssaiy, by calculating, from the 
place of the aphelion, whethci the body be found at r and B when it ought. 
And to find the time of coming to the aphehon, say, as the sum of the equations 
at r and m . the equation at r time of desciibing rm time of desciibing rA. 

Ex. To find the greatest equation, place of the aphelion and exccntricity of 
theoibit of Saturn. Between the opposition in 1686 and 1687 Saturn had 
moved through 12°. 38'. 20", and its moan motion in that interval being 12®. 
39'. 34", Satuin was then veiy near its mean distance. Saturn was in 

opposition in 

1686, Maich 16, lOh. 28' in - - S'. 26°. 47'. 6" 

1701, September 16, 2/f. in - - 11 . 23 . 21 . 16 

Inteual 15j/ 186rf 15h. 32' . - 5 . 26 . 34 . lo 

^Ican monon in this interval - - 6 . 9 . 36 . O 


18 . 1.50 

Gieatest equation - . - » 6.30.55 


'fo find the place ol the aphehon, and the time of 'coming to it. Saturn was 
io opposition m 
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1686, March 16, 104. 28' in 
1693, June 9, 194. 32' in - 

- - - 5‘. 26°. 47'. 6" 

- 8.19.54.41 

Interval 7y. 87d. 94. 4' 

Mean motion in this inteiwal 

» “ 2 . 23 . 7 • 35 

2 . 28 . 29 . 27 

Greatest equation - r 

5 . 21 .52 

6 . 30 . 35 

Equation at r ♦ *• » 

r - 1.9.3 


Hence, Saturn was nnt come to its aphelion in opposition 1693. Now the 
opposition happened in 

1686, March 16, lO/i. 28' in - - 5*. 26° 47'. 6" 

1694 , June 21, 194. SO' m - - - 9. 1. 6.40 

, Interval 8^. 99d. 104. - - - 3. 4. 19. 34 

Mean motion in this interval - - 3.11. 6 . 51 

6 . 47 . 17 

Greatest equation - - - 6 . 30 . 55 

Equation at .... - 16.22 

Therefore Saturn had passed its aphelion in opposition 1694. Ilencc, 1°, 
9'. 3" +16'. 22"= 1°. 25'. 25" • 1°. 9'. s":' 11°. 12' (the angle desciibcd between 
the oppositions in 1693 and 1694) 9°. 3'. 20", which added to 8*. 19°. 54'. 41" 

gives 8*. 28°. 58' for the place of the aphelion. And to find the time, we have 
l". 25'. 25" : 1°. 9'. 3":tS76(i. 2S4. 58' (the time between the oppositions in 
1693 and 1694) ; 305d. 164. which added to 1693, June 9, 19^ 32' gives 
1694, April 11, 11 4. 32' the time when Saturn was in its aphelion. Ih, 
Hallet, in his Tables, makes the greatest equation 6°. 32'. 4". Cassini 
makes it 6°. 31'. 40". M. de Lambbe makes it 6°. 26'. 42" in 1750, and 
supposes that it is diminished l",l in a year, according to the deteimination of 
M. de la Peace. From the mean, of six excentnetties, determined (231) from 
the greatest equation, Cassini found the excentncity to be ,56515, the mean 
distance of the earth from the sun being unity. 

253. The same method maybe applied to fiind the gieatest equation, place, 
of the aphelion, and ex!<lentricity of Jv^iter^s orbit, although we cahnot so readily 
meet with obsemtHdte made in the proper places, became we have fewer oppo- 
sitions of Jupiter m one revolution than of Saturn. The following however are 
proper for our purpose ('E/m. d*4stron. page 423.) In 1723, on June 25, ai 
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4/i. Jupiter was in opposition inyfS®. 2l'. 22", neai its mean distance; On De- 
cember 22, 1728, at 3/i. 9' the true place of Jupiter in opposition was © 1°. 8'. 
2". The diffeience of these places is 27°. 46'. 40"; and the mean motion 
being 5'. 16“. 50'. 15", the dilfeience is 10°. 56'. 25", the half of which is 5°. 28!. 
1 2", 5 the gieatest equation from these observations. On September 5, 1725, 
at 14/i. 44' Jupiter was m opposition in x 13°. 18'; this compared with the op- 
position in 1723, gives 2“. 9°. 56'. 38" for the tine motion of Jupiter in the in- 
terval; and the mean motion being 2'. 6°. 47'. 24", the diffeience is 3°. 9'. 14", 
which subtiacted fiom 5°. 28'. 12" gives 2°. 18'. 58" the equation at r. On Oc* 
tober 13, 1726, at 6/i. Jiipitei was in<Y>20°. 4'. 10" in opposition, this compared 
with the opposition m 1723, gives S‘. 16°. 52'. 48" for the tiue motion 111 the 
interval, and the mean being 3‘. 10°. 15'. 39", the difference is 6°. 37'. 9", fi-om 
which subtract 5°. 28'. 12" and the remainder is 1°. 8'. 57" the equation at m. 
Hence, 2°. I8'. 58" + 1°. s'. 57" = 3°. 27'. 55" : 1°. 8'. 57" : 36°. 46'. 10" (the 
angle described between the oppositions in 1725 and 1726) . 12°. 15', which 
subtracted from <r 20°. 4'. 10" gives 7°. 49'. lo" the place of the perihelion 
ITie tune of opposition is also found by saying, 3°. 27'. 55 " ■ 1°. 8'. 57" *: S72rf. 
15/«. 16' (the interval of the oppositions in 1725 and 1726) ; I34r^. 5A. 5', whicli 
subtiacted fioin the opposition in 1726 on October IS, at 6/i. gives the time at 
which Jupiter was in its poiihehon to be on June 1, oA. 55'. Also, the excen- 
tiicity is found to be 0,04774, the mean distance of Jupiter from the sun being 
unity. It must be here obseiwed, that tlie accuracy of this method depends 
upon the pioximity of r and to the aphelion 01 perihelion.- Cassini, in hiS 
Tables, makes the greatest equation 5°. 31'. 17". Dr. Halley makes it 5°. 31'. 

36'. M. de Lambue finds it to be 5°. SO'. 37",7 in 1750, and to increase 55",36 
in 100 years. , ’ 

As m the ancient observations of Mars mentioned by Ptolemy, theie aie 
only thiee which weie made in opposition, and as they are not in proper places 
foi the application of the last method, we shall give another Eule to determine 
the gi eatest equation, the place of the aphelion and the excentricity, from any 
thiee hehocentiic places of a planet, and its mean motion. This is resolved in 
the followmg manne., fat upon the supposition of Ute smpfe eapte topotfeA 
(227), and then collecting it. 


254. Let S be the sun, Ji, C, D three places of the planet observed in oppo- 

r, 7”’/ ® PenheKon, witl. tl,e center F 

7?n desenbe a circle, and produce FB, FC 

FDU, the arcumference, and join SG, SH, SE. Now the angles BSC CSD 
are known fiom observahon i also, upon supposition of tl.e miple elUptK la/po. 

S CFn rfn"* i ‘I'eteibre the a^ks 

BIV CFD are known, by taking them to four nght angles as the interval of 

tune between Ure fat and second, second and third obscrrations, to the pericKlic 
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time, Kow as FQ—FB 4-U-S', theiefbre SB = BQ, for the same leason 5C=s 
Cir aad SB -BE. Hence, 2J?aS’= FBS= BFA - BSA ; also, 2 FHS= FCS 
-CFA-CSA, therefoie 2 FGS-¥ 2 FHS=BFC.-BSC; hence, FGS + FHS 
is known, hut FGS- BFA- GS A, FHS^CFA-HSA ; tlieiefore FGS 

+ FHS —BFC— GSTI 3 whence GSIl is known. Foi the same reason USE is 
known. Hence, the angles GSH, IISE^ GSE, and BFC, CFD, BFB are 
known. Produce ES to X, and join FIL, HG, GL, and assume SU of any 
value in order to get the relative values of the other parts of the hgui e. Then 
in the tnaugle SHL, we know SH, the angle HSL (which is the supplement 
of USE ) and tlie ang'le IlLS (which is half the angle HFE ) , hence we know 
BL, therefore in the tnangle BLG, we know SL, the angle LSG (which is the 
supplement of GSFJ and the angle SLG (the half of FFG ), hence we know 
BQ I theieforc in the tuangle GSH, wa know GS, BH and the angle GSIl , 
hence we know IIG and the angle S'DG; thoiefoie in tlie isosceles tiiangle 
HFG, we know IIG and the angle IlFG ; hence wo know FII=:FC+CB the 
major axis, and the angle GHF, which taken fiom tlie angle SHG leaves the 
angle BHF which is therefore known; theiefore in the tiiangle SIIF, we know 
BR) HF and the angle SHF, from wlience we know SF twice the excentiieity, 
and Iho angle HSF, fiom which take the angle HSC (which and we 

get the angle C^A, the distance of the aphelion A from tlie observation at C. 

254. This method, being the smpJe eUtptic hypo^tesis, supposes that the an- 
gles desciibed about F are proportional to the times, which will be sufficiently 
accurate for orbits whose excentiicity is small, as that of the eaith and Venus; 
foi the orbits of the othci planets it may be thus collected. 

256. Having dctcirainerl, fioin the thice observed places m, n, r, of the pla- 
net, the place of the aphelion and tlic cxcentncity from the simple elliptic hypo^ 
tkesis, with tlie distances a, b, c, of the planet from the aphelion so found, calcu- 
late (282) the eq^aation upon the true or Kepler’s hypothesis, and you will get 
the mean anomalies a', U, c' upon the tiuc hypothesis. Then with these mean 
Ruoraalies a, b', c\ find the true anomalies 0 ", b", c", upon the simple elliptic 
hypotliesis, and the diflercncc between a and o", b and b", c and c" i.how.i the 
difference of the places upon the two hypotheses. To the place of the aphelion 
first found add the distances a", b", c", and you get the places of the planet in 
ike simple elliptic hypothesis answering to the ti ue place upon KepI/I k’s hypo- 
thesis. Then with these three places compute, as at fiist, the place of the 
?iphehoB Rnd excentiicity upon the simple elliptic hypothesis, and you will have 
the distancea A, B, C, from the aphelion upon the simple elliptic hypothesis, to 
these apply the differences of the two hypotheses before found, adding or sub- 
tracting them according as the simple elliptic hypothesis gave the place less or 
_ greater than Kepler’s hypothecs, and you will have the distances from the 
'aphelion upon the true or Kepler’s hypothesis; subtract these from the coi- 
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responding places m, », r of the planet observed, and you will have the place 
of the aphelion once conected, and also the excentricity. In like manner the 
conection may be made as often as may be found necessaiy. JElm. d^Astron. 
page 184. 

In 1694 on January 17, at 4K 20' Mi. Flam&tead observed the place of 
Man to be in ® 28°, 12', in 1698 on Maich 26, at 177i 55' m 7°. 4'. is", 
and in 1702 on July 8, at 127t. 58 in vf 16°. lO'. 23". These obscivations ic- 
duced(268) to the oibit of Mars give the three places in © 28°. 12'. 34", V'’. 

3. 26", and -yf 16°. ll'. 9". Hence, by Kepler's hypothesis, the place of the 
aphelion is found to be in itR 0°. S9'. 2" with tlie cxccutiicity ,09292, the scuu- 
axis major being unity; and the gi eat est equation 10°. 39'. 29". Mkm. d’As-^ 
ft on. page 474. 

The same method may be applied to Venus lioin the conjunctions observed 
in the yeais J715, 1716 and 1718 , fiom Mdiich it appears, that the places of 
Venus seen fiom the sun upon the ecliptic woie in 1715 on Januaiy 26, at 8h. 
34'. mean time, in si 6°. 22'. 58", in 1716 on Tiugusl 28, at Wi 36'. 42" m x 
5°. 49'. 2"; andm 1718 on Apnl 8, at 107/ 15'. 11". in .a= 18°. 42'. 13", which 
places reduced to the orbit of Venus will be 6°. 25' .52", x 5°. 49'. 53" and 
la 18 . 39. 24 . Hence, by the simple elliptic hypothesis, the true place of 
the aphelion m 1716 is found to be xs 6°. .50', the greatest equation 40' 8"; 
and the eAce.ttiicity 0,00715. As the orbit of Venus diffeis but very little fioin 
a ciiclc, theie is no occasion for any conection. £km. d’Astron. page 562. 
Cassini, in his Table >, makes tlie gioatest equation 49'. 6". Dr. Halley makes 
it 48', M. de la ILanpe makes it 47''. 20". 

Upon the same piinqiplc we may deduce the place of tih® aphelion, oxcentn- 
city and equation of the orbit of Mercury ^ but as the proper obseivations foi 
this puipose happen at a consideiable distance of time fiom each othei, it will 
be piopcr to allow for tlie motion of tlie aphelion in the inteivals, which Cas- 
siNi assumes (funa what he was best able to collect fiom the obscivations be- 
fore made) at l . 20" in a year, by which means the motion is i educed to the 
oihit as immoyeabie. In 1661 on May 3, at 4*. 48' 28" mean time, the tine 
place of Meicuiy was found to be in m 13°- 33'. 27" in respect to the ecliptic, 
and 13°. 38'.^ 10" on its oibit. In 1690 on November 9, at 187/. 6'. it was iii 
« 18°. 20' 46" m icpcct to the ecliptic, and 18°. 22'. 28" on its orbit. In 1697 
on November 2, at I'jh. 4iSi' it was in 8 11°. 83'. 50" in respect to the ecliptic, 
and 11°. 32', 90" on its orbit. Now between the two first obsei rations the mo- 
tion of the aphehon was, by supposition, 89'. 20"; and between the fiist and 
last It was 48'. 40", these subtracted from the second and thiid observations 
give the places in the orbit h 17°. 43. 8 and b 10°. 43. 50" in respect to the first 
observation, the orbit being supposed at rest. Hence, by subtracting m 1 3°. 
OS', JO" lirora 8 17*. 43'. s", we h»v© 6\ 4°. 9'. 58* for the sum of the two true 
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anomalies of Mercury between tlie first and second observations, the aphelion 
lying^between tlie two observed places; and by subtiacting » 10°. 43'. so" from 
8 17°. 43'. 8', we have 6°. 59'. 18" for the diffeience of the true anomalies be- 
tween the second and tliird obseivations. Also, if we subtiact 39', 20" from 6‘. 
36“ 20'. 35' the mean motion between the two first obseivations, and 48'. 40" 
fiom 6‘. 21“ 51'. r the mean motion between tlie first and thud obseivations 
we shall have 6*. 25°. 4l'. 15' and 6*. 2l“. 2'. 27" for the sum of the mean ano! 
makes in these intervals ; hence, 4°. 38'. 48" is the mean anomaly correspondmir 
to the two last observations, answeiing to 6°. 59'. 18' of true anomaly. Hence 
fiom the simple elliptic hypothesis, the aphelion of Meicury at the second obse/ 
vation IS found to be in 1 10”. 51'. 50f, exoentiicity 0,21574, the mean 
bemj unity; and the gieatest equation 24". 55. 4'. This corrected seveial 
times gives the ti ue place of the aphelion on November 9, 1 690 in jf 1 2“. 22'. 25* 
llic excentiicity 0,20878 and the gieatest equation 24°, 3'. Cassini in his 
Tables, makes it 24°. 2'. 58". Di. Halley makes it 23°. 42'. 36". M tl*. u 
Lande makes it 23°. 40'. * ^ 

■ 257. Besides these methods of determimng the posiUou and excentncitv of 
the plane, taiyoibits, we shall explain anothei metiiod, which maybe sometimes 
very successfully used, and is moreover stnctly geometiical. By Art. 217 we 
may. find the distance of a planet from the sun in any point of its orbit The 
Pioblem therefore is, given in length and position three lines drawn from the 
focus of an ellipse, to deteimine tlie ellipse. 

258. Let SB, SC, SZ> be the three hnes ; produce CB, CD, and take vn . 

.SC . BB : BC, and .SC . SB CF . BF, then SC-h : ^ ^ ec- 

and SC-SO .SC DC. CF=^^. Jo.„ ^ ” 

C/, BB perpendicular to it. Now by similai tiiangles, JC . HB" F(' • 

(by con.) SC : SBj also, IC : KB:: CF : BF- SC . SB. Hence, the’nronor- 
tion ^TC, HB, kD is the same as SC, SB, SB, consequently BF is the di 
recteix of the ellipse passing through B, C, B. Through S diaw JSQG nei* 
pendicular to FBf take GA . AS‘.CI:CS, and GQ:SQ::CI CS^ £ 

CI^CS:CS-.aS-.SQ=^^:^l, 

vertices of the conic section. 

259. Cakuhiton. In the tnangles SBC, SCB we know two sides and the 
included angles, they being the distances of the observed places upon the orb.t. 
heuce c^ fiud BC, CD and the angles BCS, SCD, and consequently BCD. 

^ »e know CE Md CF, and the angle BCJ- being also knom, the 
^gle CEF can be found. Theie&re m the light angled triangle CIE. CE and 
the angle E given; hence, C/ is known. Join SI. then in the triangle 

5/CweknowC/, CS and the angle iCJ(=,ECT-W,;,. hence we know® T 
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find the angles CZS, CSI, and therefore the angle SIG is known ; hence, in tlie 
right angled triangle SIG^ we know SI and tlie angle SIG, from whence SG is 
found. Hence (258) we know Sj4., SCI, half the difference of which is the ex- 
centncity, and their sum =^Q. Lastly, in the tiiangle BSO fO being the other 
focus) we know all the sides, to find the angle BSA, the distance of the aphe- 
hon fiom the observed place B. 

In the year 1740 on July 17, August 26, September 6, M. de la Caille 
found three distances of Mercury (the mean distance being 10000) as follows ; 
*SJ5 = 10351,5, 11325,5, aS*!) = 9672,166, the angle BSC = 3‘. 27°. o'. 35 " 

and CSI>=.4A>\ 40'. 4". Hence, ^C^=29°. 55'. 5", £C= 18941, SCD=5Q\ 
49', CX) = 8124,5, J?CJ’=86°. 44'. 5", 6’'JS = 215004, CF= 55647, CEF^zlA!^. 
41'. 44", CI=:54-S43, CSI=124>°. 47'. 45", CIS=9\ 49'. 4", .S'/=47281, SIG 
= 80°. 10'. 56", ,J(? = 46589, 6'P = 8010,5, SJ = 12209, 30 = 4198,5; hence, 
tile exeentricity = 2099,75, BSA = 71°. 87'. 23" or 2 *. 11 °. s7'. 23 "which added 
to 6‘. 2°. 13'. 51", the position of SB, gives 8*. 13°. 51'. 14" for the place of the 
aphelion. Hence, the greatest equation is 24°. 3'. 5". 

260. Or from the same data the place of the aphelion and cxcentiicity 
may be thus found. Put the semi-axis major=l, SB=a, SD = h SC=c‘ 
the angle BSD = 'v, BSC=u, BSQ=w, OS==e, half tlie parameter = n 

Then (see my Come Sect. Ellipse, Piopos. 16.) n= ^ 

1 + e cos. d?’ 

r r 

1 +e. cos. v+a* ^“i +e. cos. u + a' t’=n + ae?. cos. a=b + be. cos. 


=c + ce. cos. M + iT, therefore 


<^«co3. a !-~b.co9. t) 4 - ai cos. x—c. cos. u 

low for cos. u -1-47 and cos. u + a? substitute eos. cos. a^-sin. v. sin. and 
.os. 1 .. cos.^_sin.i.. sin. ^ (Trig. Ait. 102) and we shall have 
b~a 

cos.^- 5. cos. t>.cos. x + 0. sin. sin. cos. m. cos. a; + c.sin.w sin.a'* 

livide each denominator by cos, a;, and we have 

^ ^ <x—b. cos. v + b. sin. t;. tan. a? 

-jhencejtan.if = - a. cos, u — c. ig. cos, u - fl.cZT 

Ac - n, sin. » - c,5-.a. sin. u * 

c—a 


c—a 


* — c. cos. u + c. sin. u tan. a?* 

v*v — iaiii* V — (i 

vhichgivestheplaceofthepeiihelion. Hence^we know c=-- 

he exeentricity; consequently i — e and i 4 ./> fhe. na ’u i + 

demo^STir T' “r. 

.7.8. aot knowing that .t h^ been pSedTe^r Thf 
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ellipse being thus deleimmcd, its major axis may be thus found. Compute 
tlw mean anomaly corresponding to the angle CSB, then say, as that mean 
anomaly 3GO° the tune of descubing the angle ObB • the penodic time. 
iG pel iodic tunc being known, tlie inajoi axis is found (218) by Keeler’s 

261 . Having explained the diffeient methods of finding the place of the 

apliehon, cxceutrioty and greatest equation j it will be pioper to explain the 
methods of examining at any time these elements in order to apply such cor- 
rections as may be found necessary. M. de la Lande proposes to examine the 
place of the aphelion by two observations, one near tlic aphelion and the other 
iteai the mean distance, supposing the equation of the center to be kwowW. 
Calculate for each obseivation tlie equation of the center from the supposed 
place of the aphehon, and take the dijjerence of the equations, if the two obscr* 
rations be on the same side of the aphelion, but the sum if on diffiirenl Sides; 
and the difFeiencc ol sum of the equations will show how much the tiue motion 
differs from the mean, the mean being known from the known inteival of the ob- 
servations. Hence, if the difference cakdated agree wiUa the difference ob- 
seived, the place ofUie aphehon was nghtly assumed, but if the Hue motion by 
calculation, diffei more from tlie mean motion than the true motion by obsei-- 
vahon does, the place of tlie aphelion was too neai to oi toofiu from the obser- 
vation made near the mean distance. Assume therefoi e another place for the 
aphelion, as you may judge propei from the ciicurnstances, and trying again, 
you will soon find the tme place. P oi at the mean distance, the equation being 
a maximum alters thcie but a very little foi some time; therefoi e the whole 
dififeience aiiscs principally fiom the equation at tlie obseivation near the 
^ihclion, consequently the altciatioa of the place of the aphelion will destroy 
tliat difference. ^ 

262. M. de la'JiANDE proposes another method of examining the place of 
the aphelion of the orbits of Venus and Merewy^ by iiicans of then gicatcstelou- 

HG. gationswhcn at tlieii mean distances. Let E be the caith, Ftlie pbee of the 
56. greatest elongation and A the aphelion according to the Tables to be examined; 
« the tme place of the aphelion. Now the planet being neai its mean tbstanco. 
Its computetl hcliocentiic longitude will not be sensibly altered by a small al- 
teiation of the aphelion, but its distance fiom the sun will be most alteied; wo 
may tlierefoic suppose the observed place to be at v; hence the difference (rf) 
bf the observed and computed longitudes is the angle VEv. For itny aasumod 
{fltmattton A8a (m) of the aphelion compute the vauation Vv of tlie distance, 
and' thence find’ the Coirespondmg angle VEv (n), and we liave n ' d ji» ; the 
alteration of 'the' aphelion from the place A in the Tables in order to make tlie 
observed and cotnptited places agree. The aphelion is too backward by the ani- 
gle ASa, when the perihelion is in inferior conjunction and the computed lon- 
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gitude IS less than the observed, or when the aphehon is in infeiioi conjunc- 
tion and the computed longitude is greatei than the observed. In all other 
cases the aphelion is too forward. 

On May 24, 1764, at Sk. 1'. 50" true time, M. de la Lande observed the 
gieatest elongation of Meicuiy at w, at about 9*. 8“ of anomaly in going from supe- 
nor to inferior conjunction, to be 22°, 5l'. 12", and its longitude to be 2“. 26°. 

50. 35 . Now by Di. Halley’s Tables, its longitude at V computed at that 
time was 2’. 26°. 51'. 49", which was l'. 14" gieatei than that obsetved. But 
in the 01 bit of Mercmy, an angle ASa of 1° answers to an angle FEv of veiy 
nearly 5', hence, to find the angle couesponding to VEv = i'. 14 ", say, 5' . 

1°.- 1 . 14" . 14'. 48" tlie angle ASa, theiefore the place of the aphelion I'n 
Dr Halley’s Tables was 14'. 48' too backward, and the place thus coriected 
IS round to agree witli obseivation. 

263. We have now fully explained the diflfeient methods of finding the place 
of the aphelion, excentiicity and greatest equation; but as it may appear, by 
compaiing the computations with observations that tlie elements may not be ac- 
curate, M. de la Caille has given tlie foUowmg method of conecting them 
which will be best understood by an Example; we shall therefore gve that pub- 
lished by himself in the Hutoire de VAcad&mie Roy ale des Sciences foi the year 
1750, upon the elements of die theory of the sun. Let AlOM be the eaidi’s ptr 

orbit, the sun, M, J, O* three places of the earth observed on Maich 29 57 

July 6, and October S, in the year 1749; A the aphehon, supposed to be in 3‘. 

8. 38. 51^ on Januaiy 1, 1749, and its annual motion l'. s". The sun’s 
mean longitude at the same time was supposed to be 9*. 10°. 15'. 6". By 
obseivation, M. de la Caille found the angle XSM‘=:95°, 27'. 7" ISOz: 

85°. 58'. 34", these being the diffeiences of the thiee true i^nomahes;’ and the 
coiicspondmg mean anomahes were 97°. 34'. 26", and 87° 42'. 26". Now wo 
fiist make two suppositions for the excentncity, and assume two true anomalies 
foi the point M, and from thence calculate the angle ISM and compare it 
with the observation. ^ 


T^o of the observations ought to be near the mean distance, aud one near the apsides, oi tivo 
neai the aphehon and one near the mean distance, as such observations will add to tiie accuraev of 
the conclusion Two observations near the apsides will best determine Ute place of the aphelion 
and two near the mean distance will give most accuratav tlie equation The obseivations may be 
made at any intervals of time, provided we know the motion of the aphelion, so as to be able to 
reduce the observations to what they would have been if the orbit had been fixed. The longitudes 
should also be reduced (268) to the orbit of the planet. The time of the planet's revolution is also 
supposed to be known, m ordei to find (239) its mean motion 


♦ 
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Excentncity supposed 

Tirsr assumed tiue anomaly of M 
Hence, the true anomaly of 7 

Mean anomaly of by calculation 

Mean anomaly of I by calculation 

Sum of the two mean anomalies ex hyp. 
Sura of the two mean anomahesfiomobs. 
Diffei ence, or error of the hypothesis 

First Hypothesis 
0,01681 

Second Hypothesis 
0,01685 

89'. 50' 0",0 

5 . 37 . 7 

91 . 45 . 34, 6 

5 . 48 . 34, 5 
97 .. 34. 9,1 

97 . 34 . 26 
- 16,9 

89°. 50'. 0",0 

5. 37 . 7 

91 . 45. 50, 9 

5. 48. 36, 1 

97 . 34. 27 

97 . 34. 26 
+ 1 

Second assumed true anomaly of M 
Hence, the true anomaly of 7 

Mean anomaly of M by calculation 
Mean anomaly of 7 by calculation 

Sum of the two mean anomalies ex hyp. 
Sum of the two mean anomalies from obs 
Difference, or error of the hypothesis 

89 . 40 . 0, 0 

5 . 47 . 7 

91 . 35. 34,7 

5 . 58 . 54, 9 

97 . 34 29, 6 

97 . 34 . 26 
+ 3,6 

89 . 40. 0, 0 

5. 47 . 7 

91 . 35. 50, 9 

5 . 58. 56, 6 
97 . 34. 47, 5 

97 . 34. 26 
- 21,5 


Hence we have the following proportion for each hypothesis; As the sum of 
the itrofs ( et dffcTeiKe 'when they hceoe the same sig nj i the least err 01 the 
dijfetenee <f the two tnue anomalies^ suppose in M, the quanhiy to be applied to 
the assumed anomaly in ikf, angering to the least error , this quantity is to be 
added or subtracted according as the sign of the eaor was — 01 +. With 
the assumed anomaly in M thus collected, and the same excentiicity, we pro- 
ceed as before , 


Corrected anomaly of M - 
Hence, the anoms^ of / - 

Mean anomaly of Mhy calculation - - 

Mean anomaly of 7 by calculation - - 
Sum of the two mean anomalies ex hyp. 
Sum of the two mean anomalies from obs. 
Di&rence, or eiror of the hypothesis - 


First Hypothesis 
89'. 41'. 46", 0 
5 . 45 . 22, 

91 . 37 . 19,7 
5 . 57 . 6,3 

97 - 34 . 26, 
97 . 34 . 26, 

0 . 0 . 0 


Second Hypothesis 


89'. 

50'. 

26",7 

5 . 

36 . 

43, 

91 . 

4() . 

14,9 

5 . 

48 . 

11,2 

97 . 

, 34 . 

26',1 

97 . 

, 34 . 

26 


+ 

0,1 


We have theiefore two suppositions of the excentncity which answer to the 
two observations in iWand 7. We must theiefore next see how tlicse hypo- 
theses will agree with the observations in I and 0. Assuming therefore the 
anomalies in 7 as above, we proceed thus : 
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The mean anomaly of I was found - - 

Mean anomaly answering to the angle ISO 
Hence, the mean anomaly of 0 is - 
Tiue anomaly of/ 

The angle ISO by obseivation 
Hence, the tiue anomaly of O - 
Hence, the mean anomaly of 0 fiom obs. 
Difference fiom that which we want to find 


First Hypothesis 
5°. 51'. 6",3 
87 . 42 . 26 
98 . 39 . 32,3 
5 . 45 . 22,0 
85 . 58 . 34 
91 . 43 . 56 
93 . 39 . 24,5 
- 7,8 


Second Hypothesis 


5°. 

48'. 

11", 2 

87 . 

, 42 . 

26 

93 . 

SO . 

37,2 

5 . 

36 . 

43,0 

85 . 

58 . 

34 

91 . 

35 . 

17 

93 . 

31 . 

2,6 


+ 

25,4 


Hence, we have the following proportion j As the sum of the errors (or diffe- 
rence when they have the same sign J . the least error (which here belongs to the 
fiist hypothesis):; difference between the two supposed eccentricities • the 
quantity to be applied to the frst eccentricity , hence, 33", 2 , 7",8 ' 0,00004 
0,0000094 ; now one excentncity giving a result — , and the other + , the tiue 
excentiicity must be between them ; hence, 0,01681+0,0000094 =0,0168194 
the excentncity. 

Again, As the sum of the same errors ; the least error the difference of the two 
true anomalies^ suppose inM, : the quantity to be applied to the true anomaly in M 
anmenng to the least difference ; hence, S3",2 ; 7",8 8'. 39" •• 2'. 2", which 

added to 89°. 41'. 46" gives 89°. 43'. 48" the tiue anomaly of M. But the 
obseived place of M was 8°. 55'. 21" of longitude , hence, the place of the 
aphelion on March 29, was 3*. 8°. 39' 9". And if we allow 15" for the motion 
of the apogee in respect to the equinoctial points fi:om January 1, we shall have 
the tme place of the sun’s apogee on January 1, 1749, to be 3*. 8°. 38'. 54". 
Trom the mean of several observations, M. de la Caille found the apogee at 
that time to be 3*. 8°. 39' 40", and the excentiicity 0,0168293. 

264. All the epochs in oui Astionomical Tables aie reckoned from noon on 
December 31, in the common yeais, and from January 1, in the bissextiles. 
Hence, to find the epoch of the mean longitude, from the place ofthe aphelion 
and the true longitude of the planet at the time, you have the distance ofthe 
planet from the aphelion, or the tiue anomaly, from which find the mean ano- 
maly and add it to the place of the aphelion, and you have the mean longitude 
at that time. Then take the interval fiom that time to that ofthe epoch, and 
find the mean motion corresponding, and add it to the mean longtude, and 
you have the mean longitude at the epoch. If you know the time when the 
planet passes the aphehon, you have then only to add to the place ofthe aphe- 
lion the mean motion from that time to the time of the epoch, because at the 
aphelion the tiue and mean longitudes are the same. 

Ex. On June 29, 1744, at 15A. 51'. 46" the sun was found in its aphelion 
in S’. 8°. 31'. 55". From that time to the last day of December at noon is 
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184 days Sh. 2'. 14", in which time the mean motion is 6\ 1°. 40'. 21", which 
added to 3®. 8°. 31'. 55" gives 9*. 10°. 13'. 16" for the mean longitude on De- 
cembei 31, 1744, at noon, as deduced from this one obseivation. From the 
mean of seveial obseivations, M. de la Cailee makes the mean longitude at 
the beginmng of 1749, to be 9'. 10°. 15'. 17",5. 

On Februaiy 15, 1743, at 19h. 17'. 40" true time, the mean anomaly of 
MarSf according to M. de la Lands, was 11*. 25°. 6'. 42", and the place of 
the aphehon 5*. 1°. 20'. 39", the sum of which is 4*. 26°. 27'. 21" the mean 
longitude of Mars at that time , and the mean motion of Mars from that time 
to Januaiy 1, 1744, (that being leap year) was 15*. 17°. 16'. 53"; hence wc 
find the mean longitude for Januaiy 1, 1744, to be 10*. 13°. 45'. 14". In like 
mannei we find the epochs of the mean longitudes of all the planets. 


MEAN LONGITUDE FOR THE MERIDIAN OF PARIS, 
FOR THE BEGINNING OF 1750. 


Planets 

M. Cassini 

Di. Halley 

M. de la Lande 

Sun 

9*. 10°. O'. 35" 

9*. 10°. O'. 13" 

9*. 10°. O'. 35",5 

Mercury 

8. 13. 19. 5 

8. 13. 7. 45 

8. IS. 11. 15 

Venus 

1. 16. 19. 21 

1. 16. 19. 23 

1. 16. 20. 48 

Mars 

0. 21. 58. 43 

0; 21. 58 30 

0. 21. 58 47 

Jupiter 

0. 4. 0. 59 

0. 4 5 17 

0. 3. 42 29 

Saturn 

l7. 20. 41. 56 

7. 20. 26. 24 

7. 21. 20 22 


PLACE OF THE APHELIA FOR THE BEGINNING OF 1750. 


Planets 

M. Cassini 

Dr. Halley 

M. de la Lande 

Meicury 

8*. 13°. 41'. 18" 

8*. 13°. 27'. 12" 

8*. 13°. 33'*. 58" 

Venus 

10. 7. 38. 0 

10. 7. 18. 31 

10. 7 46. 42 

Earth 

3. 8. 27. 23 

3. 8. 28. 43 

3. 8. 37 16 

Mais 

5, 1. 36. 9 

5. 1. 31. 38 

5. 1. 28. 14 

Jupitei 

6. 10. 14. 33 

6. 10. 33. 46 

6. 10. 21. 4 

Saturn 

8 29. 13 31 

8. 29. 39. 58 

8. 28. 9. 7 


6 
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The mean distance of the Earth from the Sun being 100000. 


Planets 

M. Cassini 

Dr. Halley 

M. de la Lande 

Mercury 

8092,5 

7970 

7955,4 

Venus 

517 

504,985 

498 

Eaith 

1690 

1691,9 

1681,395 

Mars 

14155 

14170 

14188,7 

Jupitei 

25060 

25078,6 

25013,3 

Saturn 

54320 

54381,4 

53640,42 

Geoigian 

« « 

# # * 

90804 


GREATEST EQUATIONS. 


# # # 

1740, 

1719, 

1750, 

Planets 

M. Cassini 

Dr. Halley 

M. de la Lands 

Meicury 

24°. 2'. 58" 

23°. 42'. 36" 

23°. 40'. 0" 

Venus 

0. 49. 6 

0. 48. 0 

P 

• 

o 

Eaith 

1 55. 51 

1. 56. 20 

1. 55. 36,5 

Mais 

10. 39. 19 

1 10. 40. 2 

10. 40. 40 

Jupiter 

5. 31. 17 

5. 81. 36 

5. 30. 38,3 

Saturn 

6. 31. 40 

6, 32. 4 

6. 26. 42 

Georgian 

* # * 

^ m % 

5, 27. 16 


The place of the aphelion of the Georgmn l?hxiet m 1788 , was 11 *. 1€|P, IS*. 
30", and mean longitude 3*. 14'’. 49'. 14", according to M. de la Lande, 
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265. The greatest equations, and consequently the excentiicities of the orbits, 
are subject to a vaiiation, arising from the mutual attiactions of the planets. 
M. de la Geange, in the Berlin Acts for 1782, has calculated the vaiiation 
of the greatest equations fbi each, from the atti action of the others, and has 
found it for 100 yeais to be as m the following Table. 


' 

* 4t ^ 

. 

' 

Venus 

Earth 

Mais 

Jupiter 

Satuin 

By Mercury 


- 9'',02 

- 0'',80 

+ 0",22 

# * # 


— Venus 

4- S",04 

# # * 

+ 4, 18 

+ 0, 22 

* * # 

# # # 

— Earth 

-j- O 3 ss 

- 9,02 

# * 4ft 

-1- 3, 66 



— Mais 

-0, 22 

- 0, 64 

- 4, 94 

* X * 

- 0",02 

# # 4« 

— Jupitei 

-I, 26 

- 6, 16 

- 1 6, 02 

+ 31, 68 

# * 

- r. 50\6 

— Saturn 

+ 0, 02 

- 0, 14 j 

- 0,08 

+ 1, 30 

4 56, 28 


Whole Change 

+ 2 , 16 

1 

to 

00 

- 17, 66 

+ 37, 08 

4-56, 26 

- 1 . 50,6 


In this Table, the quantity ofmattei in Venus is supposed to be 1,31, that 
of the Earth being unity , but the density, and consequently the quantity of 
matter in Venus is subject to some uncertainty. If any other quantity of 
mattei be assumed, the numbers in the hoiizontal hnc opposite to Venus will 
vary in the same latio. The equation of die Geoigian Planet is diminished 
0",01 by Jupitei, and 0",1 by Saturn, according to M. de la Gkange 

A new Method of correcting the Elements of the Orbit of a Plmiet. 

266. Eemma. If any quantity z bo assumed, and the value of any function 
of It be computed ; then if * be increased by any vciy small quantity v, the 
timafoonof the same function will be in propoition to v. Tliis is a pioposition 
well known to Mathematicians*. 

267 Given three observed heliocentric longitudes of a planet, the times of 
observations, and its periodic time , also the place of the aphehon of its mbit, 
and its excentricity are supposed to be veiy ncaily known , to correct these 
' Jig. two elements. Let S be the sun, Af, I, 0 the thiee given observed places of 
57. the planet, A the estimated place of the aphelion, and AC the supposed excen- 

* The pnaciple on which the truth pf Uim depends w this let A be the relult of the first couiim- 
tation Then for z substitute s+t?, and compute again the same quantity with this new value of 
Now as z> IS very small, we may reject all its powers above the consequently the second result 
wiB he mv, m bekig soncie kn®wn ooeBeient , because when = o the two rcbults must be the 
same* Hence, the variatkjn mp pf the 19 m pvopoition to v 
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tiicity. As the intervals of time of the planet’s motion from M to I and from 
I to O are known, and the periodic time is given, the mean anomalies between 
M and I, I and 0 will be known (222) , call these p and q respectively ; and 
as the points AT, /, 0, A are given, the angles ABM, A SI, ASO are known, 
the three true anomalies ; compute therefore (232) the three corresponding 
mean anomalies, and from thence we shall know the mean anomalies between 
M and I, I and 0 ; call these P and Q. Then if P =p, and the com- 

puted agree with the observed places, and consequently the place of the aphelion 
and the excentricity weie rightly assumed. But if P be not equal to p, let it 
be, foi instance, less by m, and let Q be less than q by n. Now inci ease the 
place of the aphelion by a very small quantity x, and compute the mean ano- 
malies between M and I, 1 and 0 again, and let the corresponding errors be 
m and n. Hence fiom inci easing the place of the aphelion by x, the alteration 
of the mean anomahes between M and J, I and 0 will ho in±'rd and n±n re- 
spectively, according as the eriors are of a different oi of the same kind. Increase 
the excentricity by a veiy small quantity y, and let the errors of the mean ano- 
malies between M and I, I and 0 be m and n"; then will m-demi' and 
be the coiresponding alteiations of the mean anomalies from the inciease y of 
excentricity. Let x and y be the alteiations necessary to be made to the first 
assumed place of the aphelion and the excentricity, in ordei to correct the errors 

wand n. Then (266) x . x • m±tfi . the change of mean ano- 


maly between M and / from the alteration x'} also y .y'\'.m±m' : 

the change which arises fiom the alteration y. But we want to increase the 
mean anomaly between M and I which arises from the first assumed place of 
the aphel ion an d the excentiicity, by the quantity m, hence we must assume 
x' X m ±m _^y' x 7 V ±m 


V 


—m. Foi the same icason, x . x'“.n±'d 


X X n±.n 

X 


the change of mean anomaly between 1 and 0 from the alteration x; also y : y' 

• ; « ± «" * \l . the change arising from the alteration y\ But we want 

to increase the mean anomaly between I and O from the first assumption, by 
the quantity n, hence, we must assume 

X n.' 


— a ^ fy 

’ X 


y 


X 


n±n 


hence, 


y 


X 


y 


— d, and we have ax' 4 by'— m, cx+dy'—n 

dm — bn , , cm — an . ^ 

■ y the collections to be made to the first 
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assumed place of the aphehon and the excentricity in older to make tlie com- 
puted agiee with the obseived mean anomalies. Thus we cbrrect at once the 
two elements. If P or Q be greater than p oi q, then, as the assumed place 
of the aphehon and the excentncity give the mean anomahes between i*if and 
/, I and O too gieat by m or it is manifest that the alteiation which we 
want to produce, by alteiing these two elements, is to dimmish the computed 
mean anomahes by m or n, to effect which, we must assume the alteiations 
equal to —m or — n. Regard must also be had to the signs of 'm±rri, m±:m", 
n±.riy n±.r£', by considenng, whether the assumed vanations a? and y have 
produced an increase or decrease of the mean anomahes between M and /, 
I and 0, and wiiting them positive or negative accoidingly. The ciicuin- 
stance of any paiticulai case will immediately point out these matteis 

To jind the Reduction oj a Rlamt to the Ecliptic. 

FIG. 268. Let <Y> C be the ecliptic, AR the orbit of a planet, N the ascending 

^8. node, C the order of the signs, R the place of the planet, and Rm pcipeu- 
dicular to C; then Nm, reckoned from N according to the oidei of the signs, 
is called the argument of latitude, because tlie latitude Rm depends upon Nm; 
hence to get die argument of latitude, we must always subtiactthe place of the 
node from the place of the planet reduced to die ecliptic, adding 12 signs to 
the latter if it be the least. Take NA and the longitude of a planet 

upon its mbit is computed fiom the point A, hence, the longitude on the 
oihit IS AR = AN + NR; and the longitude on the echptic is y- wi = r iV' + Nm 
= AN-vNm; the diffeience of tlicsc longitudes is the diffeience between NR 
and Nm, which difference applied to the longitude of the planet ujion the 
ecliptic, adding it to or subtracting it fiom, according as Nnt is less or gi cater 
than NRf fhat is, as Nmis between 0® and 90° or 180° and 270°, oi be- 
tween 90° and 180° or 270° and 360°, gives the longitude upon its orbit. This 
difference is called the Reduction. 

269. To find ibe reduction, put c=: the cosine of the angle RNm, #=the 

TDfCl* C 

tangent of Nm the argument of latitude, then the cotan. RN = — — . 

hence, 10, -t-log. c.— log. f=log. cotan. RN; and the difference between RN 
and Nm is the reduction reqmred. 


I 
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Ex. Let the inclination of the orbit of Mercury be 7°, and the argument of 
latitude 30°. ir. 48"; then 


7°. o'. 0 " . 

SO. 17. 48 - 

so. 29. 1 

0. 11 . 13 the Reduction. 


cos. +10,= 19,9967507 
tan. = 9,7666171 

cot. 10,2301336 


In the Tables of the planet’s motions, a Table of i eductions is given, which 
applied to NF gives Nm, or applied to the longitude of a planet on its oibit 

pves the longitude upon the ecliptic; but if apphed with a contrary sign to the 
longitude on the echptic it gives the longitude on its oibit. In hke manner a 

reduction may be apphed to the sun’s longitude to find its nght ascension or 
the contrary. 
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CHAP. XIV. 

ON THE MOTION OF THE APIIELIA Of THE ORBITS OF THE PLANETS 

Art. 270 . Having explained in the last Chaptei the methods of finding 
the place of the aphelia of the Dibits of the planets, we pioceed next to 
determine their motion, aiising from then mutual attraction, which ^ im- 
mediately done by comparing the places as settled by the ancient and mo- 
dlem observations; or by comparing the length of an anomahstic with that 
of a tropical or sidereal revolution. 

271. To find the motion of the EartKi> apogee Hipparchus, 140 years 
bdore J. C. determined its place to be 2’. and by the obseivationa of 
Walthehus in 1496, the place was ibiind to be SL 3° 57'- 57", fiom these 
observations, the motion of the apogee is l . 2 ^ in a yeai in lespect to the 
equinoctial points. M. de la Caii.i.e deteimined the place of the apogee for 
the beginning of the year 1749 to be 3*. 8°. 39', which compared with the ob- 
servation of Waltiierus gives l'. 6" for the yeaily motion. In the year 1588, 
Tycho deteimined the place of the apogee to be 3‘. 5°. 30 , and Kepler in 
the same year deteimined its place to be 3‘. 5®. 32'. These compaied with the 
obseivation of Cassiot in the year 1738, who determined its place to be tlien 
in 3‘. 8®. 19'. 8", give about l'. 7" for the annual motion. M. de la Caille 
deteimined the lengtii of tlie anomalistic year to be 26'. 35" longei than the tro- 
pical yeai, which makes the motion of the apogee to be l'. 5", 5 in a year. 
Kepler made it l'. 2", Eicciolus, 1'. 2". 4'". 4"" m a year Mayer in his 
Tables makes it l'. 6". Dr. Halley makes it l'. 1"; and Cassint about l'. 
1",25. M. de la Tande m his Tables makes it l'. 2" as computed by M. de 
Lambee fiom Dr. Maskelyne’s observations in 1788; and this deteiinuiation 
IS most to be depended upon, as made by so eminent an Astronomei, from 
observations which arc acknowledged to be the best that have been ever made. 
These motions aie m respect to the equinox. If we assume it to be 1'. 2', 
and the piecession of the equinoxes to be 50":|:, we shall have the real motion 
of the apogee to 1 1"| in a year. 

272. To determine the motion of the aphelion of Saturn. The place of tlie 
aphehon in 1694 was 8‘. 28® 58', but from three oppositions observed in the 
yeais 127, 183 and 136, its place for tlie yeai 132 was 7’. 24®. 14'. 29", which 
makes the annual motion 1'. 20". Tycho found the place of the aphelion on 
December 19, 1590, to be 8*. 25®. 4fO'. 51", which compared with the obseiva- 
tion m 182 gives l'. 18", 5 for the annual motion The same observation of 
Tycho compared with the place of the perihelion on December 12, 1708, in 
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8®. 28°. 25'. 10", gives l'. 28",5forthc annual motion, if die same observation 
of Tycho be compared with the place of the aphdiion in Apnl 1694 in 8’. 28°. 
58' it gives 1'. 55" foi the annual motion. Cassini cmijectured from all this, 
that the motion of the aphelion was quicker now than formerly. He also found 
the perihehon in 1708 not so foiward by a degree as it ought, when compared 
with the place of the aphelion in 1694 at the annual movement of l'. 20"; from 
whence he suspected that the orbit had a librating motion, and that theie ought 
to be an equation employed between the two points. The irregularities of Sa- 
turn, however, as we have before observed, are so great, that we need not won- 
der at these difreiences. Kepler makes it l'. 16". Cassini supposes it to be 
l'. 18", and Di. Halley l'. 20". M. do la Grange, from calculating the dis- 
turbing force of each planet upon the other, has deteimined the annual motion 
of the aphelion to be l'. 6",S. M. de la Place makes it 1'. 6",07, which M. de 
la Lands has employed in his Tables. 

278. To determine the motion of Jupiter^ s aphelion. According to the ob- 
servations of Ptolemy, the aphelion was in tip, 14°. 38' in the year 136 , but in 
1720 it was in ^ 9°. 47'; this gives 57". ll'" for the annual motion. In the 
yeai 1590, the place of the aphelion, calculated from the observations of Tycho, 
was found to be in 6°. 30'. 43", this compared with the observation in 1720, 
gives l'. SO" for the annual motion. If we compare the places in 136, and 
1590, they give 54" for the annual motion. This induced Cassini to tliink, that 
lie motion of the aphehon is accelerated ; or that it was subject to some irre- 
gulanties ; he states frie motion at 57". 24"'. Kepler makes it 47". Dr. Hal- 
ley makes it 72". M. Jeaurat computed the place of the aphehon in 1590 to 
be m 7°. 49'. 19", and m 1762 in lO°. '86'. 4l"; from which he found the 
annual motion to be 58",4. Euler, from the theory of attraction, found it to 
be 55". M. de la Grange, 57",2. M. Wargentin says, that an annual mo- 
tion of 62" best agrees with observation. M. de la Lande has employed 56", 73 
m his last Tables, according to the theoretical deteimination of M. de la Place. 

274. To determine the motion of the aphelion of Mars. From three oppo- 
sitions observed by Ptolemy, the place of the aphelion in 135 was found to be 
S’. 29°. 24'; and by the observations made at Greenwich in 1691, 1696 and in 
1700, the place was found to be in 5*. 0°. 31'. 34" in 1696 ; hence the annual 
motion of the aphelion is l'. ll". 47". 20"". Kepler makes it 1'. 7". Dr. Hal- 
ley makes it l'. 12". From companng the place in 1748 in 5*. 1°. 26'. 10" with 
the place in 1592 m 4’. 28°. 49'. 50", the motion is 1'. The mean of these de- 
teiminations is l'. 7",5. M. de la Lande supposes it to be 1'. 7". 

275. To determine the motion of the aphelion of Venus. Cassini has found 
from computing the place of tlie aphehon from the ancient observations, a differ- 
ence of 15°, from which uncertainty it is moie diffi cult to deteimine its annual 
motion. However, the place, computed from the observations in 136, 188 and 
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140, (and which he thinks aie the most to be depended upon) was found in 
138 to be in 1 21°. 29'; this compared with the obseivations in 1715, 1716 and 
1718 when it was found to be m gs 6°. SO' in 1716, the annual motion is found 
to be 1'. 42". 50"'. From compaiing the place in 1596 in 1°. 54' with the 
place in 1716 in 6°. 50', the motion is 2'. 28". Hoebox fixed the place of 
the aphehon in 1639 in gg 5°, this compared with the place in 1716, gives l'. 
26" for the motion. M. de la Lande employed the same method to settle die 
place of the aphehon of Venus as for Meicuiy, which we have explained in 
Art. 262. By compaiing the place of the aphelion in his fiist Tables with the 
place in Keplee’s Tables, die annual motion comes out 2'. 4l",5. Cassini 
makes it l'. 26", and Di. Halley 56", S. Keplee makes it l'. 18". Amidst so 
much uncertainty', M. de la Tande thinks it better to depend upon the theoiy, 
which, accoiding to M de la Geange, makes it 48", 5, and which M. de la 
Lande employs in his Tables. On account of the small cxcentiicity, this un- 
certainty of the place of the aphelion is not of so much consequence, as an er- 
101 of 1° m the place of the aphelion will nevei pioduce an erioi of 1' in the he- 
hocentnc longitude. 

276. To deteimine the motion of the aphehon of Mercury. From the ob- 
seivations of the passages of Meicury ovei the sun in 1661, 1690 and 1697, 
Cassini determined the place of the aphehon on November 9, 1690, to be in 
8*. 12°. 22'. 25"; and upon supposition that the motion of the aphehon was l', 
20" in a yeai, he found that it represented the passages very well in 1631, 1672, 
1723 and 1736. But as these passages were neaily at the same point of the or- 
bit, it does not sufiiciently estabhsh l'. 20" to be the ti ue motion, as it might 
answci to the same points nearly, but not to othei paits of the oibit. We 
ought not thcicforc to be suipiised, says M. de la Lande, that a motion of 
52",5 by Bf . Hajlley answers equally well to the same observations. Keplee 
makes it 1'. 45". M. de la Lande found, by the gieatest equation, that on 
May 6, 1753, the place of the aphelion was 8*. 13°. 55'. Fiom compaiing this 
place with the place computed from 8 observations of Ptolemy, (rejecting 6 
otheis, 2 of wluch did not appear to be rcconcilcable with each othci , and 4 were 
too near the aphehon) he found the motion to be l'. 10" in a yeai, which he 
constructed his first Tables upon , observing however at the same tune, that 
this motion does not agree pcifectly with the observations in this centuiy. lie 
has since found that a motion of 56", 25 will best agiee with obseivation ; anti 
this he has assumed in his last Tables. M. de la Geanoe makes it 57" by theory. 
The motions of theaphelia heie deteimined aie their motions in longitude; if 
theiefore we subtract 50", 25 (the annual precession of the equinoxes) from 
each, we shall get their real motions. 
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MOTION OF THE APHELIA IN ONE HUNDRED YEARS. 


Planets 

M. Cassini 

Dr. Halley 

M. de la Lands 

Mercury 

2°. 13'. 20" 

1°. 27'. 37" 

1°. 33'. 45" 

Venus 

2. 23. 20 

1. 34. IS 

1. 21. 0 

Earth 

1. 42. 55 

1. 41. 7 

1. 43. 35 

Mais 

1. 59. 38 

1. 56. 40 

1. 51. 40 

Jupiter 

1. 35. 42 

2. 0. 0 

1. 34. S3 

Saturn 

2. 9. 44 

2. 13. 20 

1. 50. 7 


Accoiding to the calculation of M. de la Grange, the aphelion of the 
Georgian Planet is piogiessive 3", 17 in a year, from the action of Jupiter and 
Satuin , consequently its motion in longitude is 50",25 + s",i7=:53",42. He 
has also calculated the effect of each planet in distiiibing the apheha of the rest. 
The following Tabic contains the annual effect. 


ANNUAL MOTION OF THE APHELIA. 


• • 

Meicury 

Venus 

Earth 

Mars 

Jupiter 

Saturn 

By Meicuiy 

* u * 

- 4", 30 

- O', 42 

0",02 

0'',00 

0",00 

— Venus 

4 ,14 

• • * 

+ 5, 20 

0, 70 

0, 01 

0, 00 

— Earth 

0, 84 

- 5,06 

• ♦ 

1, 92 

0, 01 

0, 00 

— Mdis 

0, 04 

+ 1, 18 

+ 1, 54 

• ■ a 

0,00 

0, 00 

— Jupitei 

1,56 

+ 6,38 

+ 6,79 

12, 31 

a a » j 

15, 99 

— Saturn 

0, 08 

4 0,08 

+ 0, 19 

1 

0, 70 

1 

6, 56 

■ a a 

Real motion 

6,66 

- 1, 72 

13, SO 

15, 65 

6, 58 

15, 99 

Precession 

50, 25 

50, 25 

50, ^5 

50, 25 

50, 25 

50, 25 

Mot. in long. 

56,91 j 

1 

8, 53 

63,55 

65, 90 

56, 83 

; 66, 24 


M. de la Grange heie supposes, as befoie, the density of Venus to be 1,31, 
but M- de la Lands makes it only 0,95 , for this density therefore, the second 
hoiizontal line must be diminished in the ratio of 1,31 to 0,95. 







ON tlSE MOTION Of THE AfHEtlA, &C. 

'K'ij'.PT.T.'R makes the earth’s apogee to have coincided with the e(][uinoctial 
point T, on July 24, in the year 3993 before J. C. which, accoiding to some 
Authors, is about the time of the Cieation. At the same time he makes the 
aphehon of Saturn to be a 24*. 28'. 6"j of Jupiter ss23'’. 34'. 18"; of Mars 
8 13°; of Venus 0°. O'. 0"; of Mercury ®0°. O'. 0"; and the apogee of the 
Moon ^CP. O'. 0*. 


CHAP. XV. 


ON THL NODES AND INCUNATIONS Off THE OftBI'ES OF THE PLANETS 

TO THE ECLIPTIC 

Art. S??. From obsemng the course of the planets for one revolution, 
their orbits aie found to be inchned to the echptic, for they appear only twice 
in a revolution to be m the echptic ; and as it is frequently requisite to reduce 
then places in the echptic, ascertained from observation, to the corresponding 
places in their orbits, it is necessary to knowihe inclinations of their orbits to 
the ecliptic, and the points of the ecliptic where their orbits intersect it, called 
the Nodes. But previous to this, we must show the method of reducing the 
places of the planets seen from the earth to the places seen from the sun, and 
how to compute the heliocentiic latitudes. 

278 . Let jE be the place of the eaith, P the planet, S the sun, <r the first 
point of aiics; diaw Pv perpendiculai to the ecliptic, and produce PS to a. 
Compute*, at the time of obseivation, the longitude of the sun seen at and 
you have the longitude of the earth at JB, or the angle <y> SE; compute also the 
longitude of the planet, or the angle <y> Sv, and the difference of these two 
angles is the angle PSv of commutation. Observe the place of the planet in the 
ecliptic j and the place of the sun being known, we have the angle i>ES of 
elongation in respect to longitude; hence we know the angle iSbJ?, which 
measures the difftfemioe of the places of the planet seen fi?em the earth and the 
sun ; therefore the place of the planet seen from the earth being known, the 
place seen from the sun will be known. Also, tan. PE>o : rad. ;:r>P Et) 

rad. : tan. PHv ' vS : vP 
/.tan. PEv : tan. PSv :: vS 
. Ev" sin. SEv ; sin. ESv ; that is, the sine of elongation in longitude : sin. 
of the difference of the longitudes of the earth and planet : tm. of the geocentric 
latitude tan. of the heliocentric latitude. When the latitude is small, ; Ev 
veiy nearly as PS . PE, which, in opposition, is very nearly as PS . PS— SE. 
Or we may compute (223) the values of PS and SE, which we can do with 
more accuracy than we can compute the angles SEv and ESv. The curtate 
distance &V of die planet from the sun may be found, by saying, rad. cos. 
PSv PS Sv. 

279 . First method, to find the place of the node. The most simple method, 
when it can be applied, is to observe when die planet has no latitude, and 


* Tile method of makmg these computations will he shown m the thud Volume of this Woil 


152 


ON THE NODES AND INCLINATIONS OF THE 


MG. 

60. 


FIG. 

61 . 


then leduce (278) the appaient place to the place seen fiom the sun, and it 
gives the place of the node. 

280. Second method. The place of the node may be determined by find- 
ing two equal hehocentiic latitudes on each side of the node, and the middle 
point between the longitudes found at the same times, is the place of the node, 

281. Third method. Find the planet’s heliocentric latitudes just before and 

after it has passed the node, and let a and h be the places in the oibit, m and n 
the places reduced to the ecliptic ; then the tnangles hnN (which we 

may consider as rectilinear) being similai, we have cm + hn' mn am . mN, 
that IS, the mm of the two latitudes the difference of the longitudes'.'. either 
latitude the distance of the node from the longitude corresponding to that latitude. 
Or if we take the two latitudes seen from the earth, it will be veiy neaily as ac- 
cuiate when the observations aie made in opposition. If the distance of tlie ob- 
servations should exceed a degree, this Hule will not be sufficiently acemate, 
in which case wc must make oui computations for spheiical tnangles thus. 


Pu.t»i?i=:o, 6n=0, am-=ih,nNzzx; then (Tug. Ait. 212) 


l=:COt. Nez 


sin. X . , — - 

but sin. a— .r=sin. a x cos. a? — sin. xy. cos. a; hence, 

sin. a X tan. 0 sin. a 


tan. h 

sin. a X cos. x— 


tan. 0 ^ 


sin. X X cos. a n. x 


— :: 7 — 7 • • T r-; T 7 = = tan. x. This Ilule is 

tan. o tan. 0 tan. h + cos. a x tan. 0 cos. x 

given by Mr. Buoge, Professor of Astronomy in the University of Copenhagen 

See the Fhl. Trans. 1787- 

282. Fourth method. Let P be the pole of the echptic EC, am, bn two 
hehocentiic latitudes of the planet, and pioduce ma, bn to P/ then the angle 
at P is the difference of longitudes , and in the tiiangle aPb, we know aF, bT 
and the angle aPb, to find the angle b , theiefoie in the light angled liiangle 
Nhn, we know hn and the angle b, to find Nn; and as the longitude of n is 
known, the longitude of the node N will be known. 


Ex. To the third method. Mr. Bugge observed the right ascension and de- 
clination of Saturn, and fiom thence deduced (124, 278) the following heho- 
ceutiic longitudes and latitudes. 


ORBITS OP THlfl PlANfitS TO THE EfitlRtlC. 


1784, Apparent Time 

Heliocentric longitude , 

July 12, at 12\ s'. 1" 

9*. 20*. 37'. 29" 

20,— 11 . 29. 9 

9. 20 . 51 . S3 

Aug. 1, — 10 . 38. 25 

9. 21 . 13. 17 1 

8, — 10 . 9. 0 

9. 21 . 26. 2 

21, — 9 . 14. 59 

9 . 21 . 49 . 27 

27, — 8 . 50. 19 

9. 22 . 0. 12 

31, — 8 . 33. 47 

9 . 22 . 7 . 32 

Sept. 5, — “ 8 . 13. 45 

9 . 22 . 16 . 28 

15, — 7 . S3. 45 

9 . 22 . 34 . 32 

Oct. 8, — 6. 4. 23 

9. 23 . 16. 15 


0^ S'. 1S"N. 
O . 2 . 41 
0. 1« S4s 
O . 0 . 56 
0 , 0 . 2 
0.0. 27S. 

0 . O. 50 
O . 1. 21 
0. 1. 59 
O. 3. 35 


In computing these heliocentric latitudes and longitudes, Mr. Buoge added 
fte concctions for the perturbations, after the principles of M. Lambert, in 
Memoirs de Berliriy nsd. r r x, m 

From the observations on August 21 and 27, by considering the triangles as 
plane fe44',5; fiom those on 2i and 31, ^^=42**, 5} and from those on Au- 
gust 21, and September 5, .rz=40"j the mean of thesd is 0 = 42 ”; Mr. Bugge 
ma 'es a 41 , probably by taking the mean of a gi eater number, or computing 
from considering them as spheiical tnangles; hence, the heliocentric place of 
Ac descending node was 9*. 2l«. 50'. 8", 5. Now on August 21, at 9A. 12'. 26" 
rue timey Sa/urn’s hehocentric longitude was 9’. 21*. 49‘. 27", and on 27 at 
8k. 49. 23 tiue time, ft was 9*. 22*. O'. 12"; therefore in five days 23A 36'. 57" 
9? , hence, lo'. 45" 41" ::Sd. 2Sh. 36'. 57" • 

283. To determine the inclination of the orbit, we have hn the latitude r>f 

^tan^T’ distance upon the ecLptic fiom the node ; hence, sin. nN 

.tan. bn:, rad. : ten. of the angle N. But the observations which are neai 

in tholl rr* determine the inclination, as a very small erroi 

in the latitude will make a considerable error in the angle. If we take the ob 

seiyation o^uly 20, it gives the angle 2*. 38'. 15"; if we take that on October 

+-’ ^ ^ 5 of these is 2® 30'. I4" the inclina 

fron of the oibit to the ecliptic. To get tiie inchnation accurately, we must 

rnm the place of the node, observe a latitude and longitude at a 

onsiderable distance from it. From the observations of Dr. Maskelyne M 
de^LAMBRE found the place of the node on July 12, 1784, to 

On December 12, 1704, at 18h. 50' at Pans, Jupiter was observed in oppo- 
sitmn in 2«. 21 *. 26'. 2^' with 28'. 10" south latitude^ and on January l" 
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at 16A. 2' It was in opposition in 3% 24°. 40'. 40" with 29'. 56" noitli latitude 
seen from the earth. Now at the fiist and second observations, the distance of 
Jupiter fiom the sun was to the distance of the earth as 51144 to 9839, and 
52566 to 9840, hence (278), 51144 41305 28'. 10" 22'. 45", and 52566 

. 42726 29'. 56" . 24'. 20" the latitudes seen from the sun at the respective 

oppositions 5 also, the dilFeience of the two longitudes was 33°. 14' 18"5 hence 
(281), 22'. 45" + 24'. 20" . 22'. 45' • 33°. 14'. 18" . 16°. 3'. 36", which added to 
2‘. 21°. 26'. 22" gives 3’. 7°. 29'. 58" the place of the ascending node fiomiliose 
observations, according to M. Cassini. It is difficult to deteimine accurately 
the place of Jupiter’s node on account of the small inchnation of its oibit. M. 
de Lambre, fiom observations in 1775, 1776, 1777, 1782 and 1783, found 
the longitude of the node in 1783, to be 3’. 8°. 14'. 

On May 3, 1700, at l2/i. 24, Mi. Flamstead found the latitude of Mars 
to be 10'. 9" noith , and on May 10, at 1 Ih. 48' to be 10'. 13" south. Now as 
the coiiesponding longitudes are not given we must piocccd thus. The time 
between the two observations was 6d. 23/«. 24'; hence, 10'. 9" + 10'. 13" 10'. 

9" 6d. 23^ 24' . 3d. life. 40', which added to the time of the fiist obseivation 
gives May 7, Ofe. 4' for the time when the planet was in its node, at which tune, 
by calculation, its place was in m 17°. 23'. 13". Now the place of the planet 
computed at the tune of opposition was in tn, 18°. 5'; consequently the differ- 
ence 41'. 47" shows how much the computed place at the time of passing the 
node wanted of the computed place at the time of opposition, or the chffeicnce 
of the two places at those times , but the obseived place in opposition was in 
m 18°. 6', fiom which therefoie subtiact 41'. 47" and we have m 17°. 24'. 13" 
for the tiue place of the descending node. In this mannei we may always cor- 
rect a computed place, if we have an obseived place near to it. In the 
Tram, for 1790, Mr. Bugge makes the place of the ascending node to be 1*. 
17°. 54'. 24" for December 7, 1783, which is 10'. 35" greater than the place by 
M. Cassini, 23'. 27" greater than by Dr. Halley, and 2" less than by M. de 
la Lande in his last Tables. 

On June 11, 1705, at Ife. ll', the latitude of Venm was 5'. 35" north; and 
on June 12, it was 7'. 35" south at Ife. 5'. By calculation the true places of 
Venus seen from the sun at those times was 1 13 . 22 . 37 , and j 14 . .57 . 32 , 
the motion of Venus was therefoie 1°. 34'. 55" in this interval, hence, 5'. 35" + 
7', 35" : 5*. 35" 1°. 34'. 55" 40'. 15", which added to the place at the first ob- 
servation gives 1 14°. 2'. 52i' fbi the place of tiie node. IHr. Bugge in 
the PM. Tram. 1790, determined the place of the descending node of Venus 
on August 25, 1786, to be 8‘. 14°. 44'. 38", which is 3'. 53" less than by M. 
Cassini, l'. 59" greater than by Dr. Halley, and 86" less than by M. de la 
Lande in his last Tables. 
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In like mannei, the place of the node of Mercury may be deteimmed, but 
the best method of finding the place of the nodes of Venus and Mercury is 
from their tiansits over the sun’s disc, as will be explained when we treat on 
that subject. 


LONGITUDES OF THE NODES FOR 1750. 


Planets 

M. Cassini 

Dr. Halley 

M.delaLANDE 

Mercuiy 

1®. 15°. 25'. 20" 

1®. 15°. 21'. 58" 

1®. 15°. 20' 43" 

Venus 

2. 14. 27. 45 

2. 14. 28. 42 

2. 14. 26. 18 

Mars 

1. 17. 45. 45 

1. 17. 56. 21 

1. 17. 38. 38 

Jupiter 

S. 7. 49. 57 

3. 8. 15. 49 

3. 7. 55. 32 

Saturn 

3. 22. 51. 4 

1 

3. 21. 20. 5 

3. 21. 32. 22 


M. de la Place found the place of the node of the Georgton Planet in 1788 
to be 2’. 12°. 47'. 

To Jind the Inchnatton of the Orbits of the Planets to the Ecliptic. 

284. First method. The most simple method is to observe the latitude of 
the planet when it is 90° from its node, and then reduce (278) the latitude seen 
from the earth to that seen from the sun, and you have the inchnation. 

285. Second method. Observe the latitude and longitude of the planet at pig. 
any other time when it is at some distance from the node, and reduce tliem 61.* 
(278) to the latitude and longitude seen from the sun; then the place of the 

node being known, the distance of the planet m longitude firom the node will 
be known; and in the tnangle bnN, we know bn, nN, tlieiefore sin. nN tan 
foz •: lad sin. of the angle bNn; die fiirther the planet is fiom the node, the 

smaller will be the error in the angle, any given erior being made in the lati- 
tude. 

286. mrJ method. Let P be the place of a planet in its orbit, Nn the fig. 
fine of the nodes, E the earth in that line; draw Pv perpendicular to the eclip- 62. 
tic, and Pr, w peipendicular to Nn, then (is) the angle Prv is the inchna- 

tion of the orbit. Now rv .vP:: rad. . tan. Pr>v 

“vP : vE : : tan. PEv : rad. 

.% rv : ^E : tan. PEv tan. Prw, but ro : oP sin. 

•vEr • rad. hence, sin. >oEr ; rad. - tan. PEv . tan. Prv, that is, the sine of the 
difference of the longitudes of the sun and planet seen from the earth : rad . . . tdn, 
the geocentric latitude : tan, of the inclination. 
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Esj. Oft JaUiuary il, 1747, at 18/*. 6'. as'*, M. de la Cai^le observed the 
longitode of Saturn to be 6*. 26°. 12'. 32", and the sun vfas then in 9“’. 21°. 47' 
lathe node of Saturn, or at least within about 12' of it? also, the observed la- 
titude was 2°. 29'. 18" 1101 th, hence by the thud method, sin. 85°. 34'. a" : 
rad. :* tan. 2°. 29'. 18" ; tan. 2°. 29'. 45" the inclination. Cassini, fiom the 
mean of 7 determinations, makes it 2°. 30'. SS". M. de la Lande from Dr. 
Maskeltne’s dbservatKMM in 1775, 1770, 1777, makes it 2°. SO', in his Ta- 
bles he makes it 2*. 29'. 50t' ibf 1780. M. de Lambre found it 2°. 29'. 55" 
for 1750. 

On March 28, 1661, Jupiter was, accoiding to Hevelius, in 8°. 58' in 
opposition to Ijie sun, distant only about 1°. sO from its greatest distance fiom 
its node, and with 1°. 38'. 25" apparent south latitude Now the distance of 
Jupitei fiom the earth was to its distance from the sun as 44537 to 54535; 
hence, by the first method,, 54535 : 44537:- sin. 1°. 38'. 25" • sin. 1°. 20'. 23" 
the hehocentnc latitude, or the inclination of the orbit, foi the distance of 
1°. so' from, the grea^t distance of the node will not cause an erior of moic 
than 2" m the inclination. Horn the opposition of Jupiter on April 6, 1768, 
M» d® 1ft DAim® fiimndthe inclination to be 1°. 19'. 4", Juprter being then at its 
gieatest latitude; he makes it 1°. 18'. 56" for 1780 in his Tables. M. de 
Lambre makes it 1°. 19'. 2" for 1750. 

On March 27, 1694, at 7A. 4'. 40^' at Greenwich, Mr. Tlamstead detei- 
minod the right ftsconsion of JVfa^^tobe 115°. 48'. 55', and ita decimation 24°. 
1,0'. 50" north, h^nce (124), the geocentric longitude was <$23°. 26'. 12", and 
FTG. lat. 2°. 46', 38". Det S be the sun, JE the eaith, P Mars, v tlic place 1 educed 

59. to the ecliptic. Now the tiue place of Mais (by calculation) seen fiom the 

sjjjj was 28°. 44'* 14'', and the place of Ihq sun was <r 7°. 34'. 25", hence, sub- 
tKWjting the place of the sun fiom the place of Mais seen from tluj earth, we 
hftye the angle nJS<S' between the sun and Mars 105°. 5l'. 47", and the place of 
% earth being i>7°. 34'. 25", take from it the place of Mars, and we have 
the angle ^^=;38°. 50'. 11"; behco, (278) sm, 105°. 51'. 47" . sm, 38°. 50'. 
11";: tan. PPv^2^ 46'. 3p" . tan, Pi5wl;=l°. 48'. 36". Now the place of the 
node was in « 17°. 15', which subtiacted from it 28°. 44'. 14" gives 101°. 29'. 14'' 
for the distance vN of Mars from its node, hence, sin. i;N:;;;loi°. 29'. 14," , 
tan. -Pf = 1°, 48', 36" rad. . tan. PA7'n:;= 1°. 50'. 50" the molmation of the or- 
bijt, Mr. Buoge makes tlie inclination to be 1°. 50'<., 56"y56, for March, 1788, 
M. de la Lande makes it 1°. 51' for 1780. 

The inclination of the orbit of Veinm V, may be very accurately determined, 
when Venus is about 9Cf from its node N, and in its inferior conjunction ; be- 
cause at that fime it being about thijee times iieaxer to the eajth than to the 
suft S, any error in tekmg the apparent latitude will not cause an. error of above 
Ole third part thereof in the mohnatmn. Let JS be the eaxth,. and draw Vr 
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perpen^culai to the echphc. On Septembei 2, 1700, the latataae of "Venus, 
m inferioi conjunction, was obseived at Paris to be 8^ 40'. 15" S. and its longi- 
tude seen from the sun was 11*. 10°. SO', 20", consequently it was 86°. 22' fiom 
Its node. Now at that tune, SF was to SJE as 72760 to 100750,* hence, 72769 
; lW750:.3in. SEF^8°, 40'. 15" : sin. JEFSz=i6f. 57‘. 7", therefore the an- 
ge MsVy or Fr, is 3°. 22'. 38", and as rN = 86°. 22', sin. 86°. 221' : tan. 3°. 22^ 
^ . lad. ; tan. VNr—3‘. 23'. 5". By a like observation on August 28, 1716, 
the inclination was found to be 3°. 23' lo". Mr. Bugge makes it 3°. 23'. 38", 6 

in 1784. M. dc la Lande, from two obseivations in 1780 and 1782, makes it 
3°. 23'. 35" for 1780. 

On July 16, 1731, at 10//. 32'. 4r' in the morning, M. Cassiiti determined 
the place of Merowy seen from foe earth to be ® 3°. 2'. 35", with 2°. 2'. 20" 
south latitude. Let S be the sun, M the earth, >t> the place of Meretiiy at M 
reduced to the ecliptic, N the node. Ify calculation, the fiue place of Mercu- 
ly seen fiom the sun was k 25°. 54'. 9", and the place of the node Nwas 8 15°: 
10, consequently ?'A?'=49°. 15'. 51". Now the sun was in ^ 2'3°. 13'. 12", from, 
which talcc the apparent place of Mercuiy ® 3° 2'. 35", and we have the angle 
iSi’v_20°. 10. 37 . Subtiact the place of the earth yf 23**. 13". 12* from the 
true place of Mercury k 25°. 54'. 9", and we have the angle MSv=: 62^. 40^ $7"- 
hence, the sine m = 20°. lO'. 37" sine = 62°. 40' 57" -tan. »BM=2'^ 

2. ; tan MSt;, or Mv, =5° . 15'. 30"; and sine A?t3=49°. 15’'. 31" : tan, Mv 

30*';: rad. : tan. vNM=6°. 51'. 58" the inclination. He fixes it M 
7 . M.ie Gbstil observed' Mercury m the ineiidian on Obtober 5, 1750, andl 
fomid Its apparent longitude 21 7“. 18'. 19", with 2“. 50'. 2Sf'south ktifode; ako, 
tlie place of the am was S’. 12°-. «<. 50",5, and the angle of cemsiirftrtlen 
78 . 31. 23 ,5, hence, the heliocentnc latitude was 6®. 31'. 23^", and'theneethe 
mclin^on 7°. 1'. Dr. Halley makes it 6°. 59'. 20“ M. de la Lande employs 
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INCLINATION OF THE ORBITS. 
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Tliis determination of M. de la Lands is for the year 1780. He makes the 
inchnation of the orbit of the Georgian Hanet to be 46'. 20". 

287. But the inclination of the oibits are subject to a vanation, aiising fioin 
their mutual attractions, as we shah, afterwards explain. This vaiiation is too 
small to be deteimined with sufficient accuracy from observations , but by the- 
ory, M. de la Grange has found it to be as follows; for Saturn — 23",ll , for 
Jupiter— 27",1 9 ; for Mars + 3",45; for Venus -|-4",47, for Meicury + 20",43 ; 
this IS the vaiiation in 100 years. 

On the Motion of the Nodes. 

288. Tlie motion of tlie nodes is found, by compaiing their places at two 
different times ; oi it may be deteimined by theoiy, as we shall afterwards ex- 
plain. 

Ptolemy mentiiOi)as, that m the year 136 Saturn was at its greatest north 
latitude at the beginning of Libra, and consequently the node must have 
been in the beginning of Capncom; now in the year 1700 it was in yp 21°. 13'. 
30", hence it had advanced 21°. 13'. 30" m 1564 years, oi at the rate of 48". 
51"' in a year, and 1°. 21'. 26" in 100 years. But as a vanation of several de- 
grees in the place of the node would have but a very small effect on the latitude 
when near its greatest, the observation of Ptolemy cannot be depended upon 
for this puipose. On Maich 1, 228 before J. C. Saturn was observed, by the 
Chaldeans, to be about S ' above the star in the south shoulder oi ' Virgo, 
maikcd y by Bayer; from tius M. Cassini found the place of the node to be 
2*. 21°, wluch compared with the place in 1720, gives 56". 26'" for the yearly 
motion. Bullialdus mentions an occultation of Saturn by the moon in the 
year 503, from whence he found the place of the node to be S ’. 12°. 36'. 2l"j 
in the year 1769, M. de la Lande found the place to be 3®. 21°. 40'. 47"; tins 
gives 25". 48'" for the yearly motion of the nodes. Tycuo-Braue observed Sa- 
turn very near its node on December 29, 1592, from whence M. Cassini found 
the place of the node to be 3‘. 20°. 21'. 5"; this obseivation compared with the 
place of the node in 1700, deteimined to be 3*. 21°. 13'. 30", gives 29". 24'" for 
the annual motion. From four observations of M. Cassini (which M. de la 
Lands thinks are most to be depended upon) reduced to the year 1700, the 
place of the node appears then to have been in 3*. 21°. 11'. 20"; and comparing 
this the place in 1769, the annual motion is 25",6. M. de Lambke makes 
it 33", 35. M. de la Grange makes it 29", from the theory of attraction. M. 
de la Lands makes it Sl",7 m his Tables. 

M. Cassini found the place of the node oijvfit&r in 1705, to be in 3*. 7°. 
37'. 50". Accoiding to Ptolemy, the place of the node in his time was in the 
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beginning of Cancer; this gives 17" for the annual motion. By an observation 
on September 26, 508, m which Jupiter was in conjunction with Regulus, M. 
Cassini computed the motion to be 24". 37 "' from the same observation. M. 
le Gentil calculated the places of the node from the obseivations of Gassendi, 
Dr. Haeeey and himself, to be, in 1633, in 3*. 6°. 4'. 50"; m 1716, in S'. 7^ 
37'. 30"; and in 1753, in 3 ‘. 8°. 21'. 25". The two last obseivations give 66"' 
for the annual motion , the fiist and last give also 66", but these motions are 
too great, as they will not agree with other obseivations. Fiom the mean of 
seveial obseivations made at Pans between 1692 and 1 730, it comes out 34". 
M. de Lambre makes it 35", 7, which M de la Lande has assumed in his 
Tables. M. de la Grange makes it 31" by theoiy. 

The place of the node of Mars on October 28, 1595, was found, from the 
obseivations of Trciio, to be in s 16°. 24'. S3"; and on November 13, 1721, 
M. Cassini found it to be in « 17°. 29'. 49", these give Si". 4'" for the annual 
motion of the nodes. By comparing the same obseivation.of Ttcho with those 
made at Paris and Gieenwich in the yeai 1700, the formei gives 38". 15'", and 
the lattei 34" 16'". In the yeai 139, Ptolemy says the greatest noith latitude 
of Mais was at the end of Cancel, which gives the place of the node at the end 
ofAiies; this compared with the place in 1721 gives 39". 50"'. M. Cassini 
thinks this latter is not much to be depended upon, and therefoie takes the 
mean of the others, which gives 34". 32'" for the annual motion. Mr. Bugge 
makes it 28", 2 . M. de Lambre makes it 28", whieh M. de la Lande employs 
in his Tables. M. de la Grange makes it 25",4 by tlxeory. 

The place of the node of Venus in its transit over the sun in 1769, was found 
by M. de la Lande to be 2'. 14°. 36'. 20", with a paobable erroi of not more 
than 30". Dr. Hornsby calculated the place of the node in its transit in 1639, 
fiom the observations of Hoiiaox, and found it to be 2". 13°. 27'. 50", which 
gives 31", 7 foi its annual motion. Timocixares, on Octobei 11, 271 years 
before J C. obseived „ in the south wing of Viigo to be echpsed by Venus ; 
fiom this obseivation, M. Cassini found tlic place of the node to be P. 24°. 2' ; 
this compared witli the place in 1698 in 2*. 14°. l'. 45", gives 36", 5 . The ob- 
servations in 1639 and 1698 make it 34"; and as this agrees very nearly with 
the results from the observations in 1705, 1710 and 1731, M. Cassini fixed the 
motion at 34". M. dc la Cailee, on December 21, 1746, found the place of 
tiie node to be 2*. 14°. 23'. 10"; 'this compared with the place of the node ob- 
served by M. de la Hire oh October 31, 1692, gives 38" for the annual motion. 
Ml. Bugge makes it 30",37. M. de la Lande makes it 3l", which he uses in his 
Tables. M. de la Grange makes it 30",55 by theoiy. 

The place of the node of Merqury on November 7, 1631, was found, from 
the obseivation of Gassendi, to be in 8 13°. 30'. 47"; and on November 11, 
1736, It was found to be in « 15°. 14'. 5", this gives the annual motion 59". 2'". 
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According to tlie observations of Hevelius, the Hue place of tiie node on May 
3, 1661, was m » 14°. 19'; this compaied with the observation in 17.36, gnes 
the annual motion 43", 42"', the mean of these is 51", 22'". This is M. Cas- 
sini’s determination. M. le Gentil, by compaiing tlie place of. the node in 
1753, in 8 15°. 24'. 14" with the place in 1677 in 8 14°. 21'. 3", found the motion 
to be 50", 21. M. de la Lande, by comparing the places of the node of Mer- 
enry found from its transits ovei the sun, makes it 43", and these obseivations 
are most to be depended upon. He employs this in his Tables. M. de la 
Granoe finds it to be 41", 8 by theory. 

289. This motion of the nodes is in respect to the equinox, if theiefore we 
subtract from each 50", 25 the precession of the eqmnoxes, it will give the 
motion in respect to the fixed stars, or the leal motion. The motion in the 
following Table is in lespect to the equinoxes. 


MOTION OF THE NODES IN ONE HUNDRED YEARS. 


Planets ^ 

M. Cassini 

Dr. Halley 

M. de la Lande 

Mercuiy 

1°, 24'. 40" 

1°. 23'. 20" 

1°. 12'. 10* 

Venus 

0. 56. 40 

0. 51. 40 

0. 51. 40 

Mars 

0. 56a 40 

1. 8. 20 i 

0. 46. 40 

Jupiter 

0. 40. 9 

1. 23. 20 

0. 59. SO 

Saturn | 

1. 35. 11 j 

O. 30. 0 

0. 55. SO 


The Georgian Planet has not been discovered long enough to determine the 
motion of its nodes from observation. M. de la Gbange has found the annual 
motion to be 12*, 5 by theory. 

Thus we determine all the elements necessary foi computing the place of a 
planet in its orbit at any time ; but to facilitate the operation, which would be 
extremely tedious if we had only the elements thus given, Astronomers have 
constructed Tables of their motions, by which then places at any time may be 
very readdy computed, 'The construction and use of these Tables, we shall 
eixj^n in thft Intcoduction to the Tables in the third Volume. 







CHAP. XVI. 

ON THE GEORGIAN PLANET. 

Art. 290. On March 13, 1781, between ten and eleven o*clock in the even- 
ing, as Dr. Hekschel was examining the small stars near the feet of Gemini, 
he obsei-ved one considerably laigei than the rest, but it not being quite so 
bnlliant, he suspected that it might be a comet , in consequence of which he 
obseived it with different magnifying powers, from 227 with which he disco- 
vered It, to 2010 , and found that its apparent magnitude inci eased in proportion, 
contiaiy to what takes place in the fixed stais. He therefore measured ite 
distance from some of the neighbouiing fixed stars, and comparing its distance 
from them for several mghts, he found that it moved at the rate of about 2^" in 
an hour. On this, Db. Herschel wrote immediately to the Royal Society, 
tliat other Astronomers might join in observing it , upon which it was found 
and observed by Dr. Maskelyne, who almost immediately declared, that he 
suspected it to be a Planet , and on Apnl 1, he wrote an account of this dis- 
covery to the Astionomers at Pans, so that it was soon observed by all the 
Astionomeis in Em ope. Mi. Lexell was then in England, and applied him- 
self to compute the orbit, upon supposition that it was a comet} he theiefore, 
according to the usual manner in such a case, supposed the orbit to be a para- 
bola, and assumed several perihehon distances 6, 8, 10, 12, 14, 16, and 18 
times tlie eaith’s distance from the sun} and found that any perihelion distance 
between 14 and 18 would answer very well to the observations. Boscovich 
punted a memoir on the subject, in which he showed that there were four 
diffeient parabolas in which the body might move, and yet the computed places 
would agree with die observations which had then been made. Otliei Astrono- 
mers however found that a cucular oibit, whose ladius was about 18 times the 
distance of the sun from the earth, would agree better with the observations} 
and this confiimed Di. Maskelyne’s opinion that it was a planet. Upon sup- 
position therefore of a circular orbit, M. dela Lande pioceeded to investigate 

Its magnitude from the following observations. Mem. de I ’Acad. Roy. des Sci. 
1779. 
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Time of observation . . 

Apiil 25, 1781, 
at 9 h , 47'. 

July 31, 1781, 
at ISh . 33'. 

Dec. 12, 1781, 
at lOh . 10'. 

Right ascension ohseived 

2’. 25°. 15'. 27". 

3’. 1°. 7'. 49" 

3'. 1°. 23'. 31" 

Noith declination obs. 

23. 35. 34 

23. 40. 25 

23. 42. 47 

Longitude 

2. 25. 39, 17 

3. 1. 2. 7 

3. 1. 16. 28 

Latitude north 

11. 36 

12. 24 

14. 54 

Nutation in longitude 

+ 10 

+ 8 

+ 7 

Aberiation in longitude 

+ 19 

+ 21 

-18 

Sun’s longitude from > 
the mean equinox } 

1. 5. 58. 53 j 

4. 9. 7. 13 

8. 21. 21. 50 

Log. of the sun’s distance 

0,003196 

0,006272 

9,992993 


291. Prom these obseivations, M. de la Lands proceeded thus to find the 
circular orbit. He assumed the radrus of the orbit, and then calculated the 
heliocentric places of the planet at the times of the first and last observation j 
consequently the angle descnbed by the planet about the sun m that interval 
of 231 days 23' was known j and hence the time of the whole revolution was 
known by pioportion, upon supposition that the orbit was circular. Next, 
knowing the radius of the oibit compared with the mean distance of the earth 
from the sun, he calculated the periodic time by Kepler’s Kule (218) ; but as 
this time did not agree with that before found, he varied his supposition of the 
distance, until he found they agreed, in which case the radius of the orbit was 
found to be 18,931 times the mean distance of the earth fiom the sun, and the 
duration of the revolution 82,37 years. This circular orbit therefore agreed to 
the first and last observations , and by computing fiom it the place at the 
second observation, he found that it differed only 5" from the observed place, 
which difference might easily arise firom the unavoidable errors in the obser- 
vation. He then calculated 32 othei observations made by Dr Maskelyne, 
Monnier, Messier, Mechain, d’AGELEx, Levesque and himself, and found 
they all agreed very well, except in Apiil 1781, and July, August, and Sep- 
tember 1782, the last differing more than two minutes. He then proceeded, 
as before, to find what radius would answer to the observation on April 25, 
1781, and on July 21, 1782, at 15 h . at Paris, when the longitude observed was 
S’. 4°. 42'. 39", this radius he found to be 18,898, and the periodic time 82,12 
years. But by usiu(^tlns radius, he found the calculations to differ i'. 27" firom 
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the place observed in opposition m December 1781. This indicated an irregu- 
arity in the motion of the planet; but the irregulauty was too small, and the 
obseivations too near together, to afford pioper data for the investigation of the 
oibit. M. de la Lande pioceeded to determine the place of the node and in- 
clination of the orbit , but on account of the small motion in latitude, meat 
accuracy could not at that time be expected. The geocentric latitudes ob- 
served on Apnl 25, and December 12, 1781, weie 11'. 36" and 14' 54" noith 
which give the hehocentiic latitudes 11'. 59" and 14'. 8"; and the' motion in 
lonptude being 2°. 46'. s" between the obseivations, he found the place of the 
node to be 2 ‘. 12°. 54', and inchnation of the orbit 0°. 46'. Again the ob 
served geocentnc latitudes on Apiil 16, 1781, and March 26, 1782, were ll'! 
48 and 15'. 5", and hence the heliocentnc latitudes were found to be 12'. 7'' 
\ motion in longitude between the observations being 4°. 

7. 44 , the place of the node was found to be 2». 12°. 2', and the inclination 0°. 

He further observes, that the planet was stationary 1 1 days before Dr 
Heeschel first observed it, and therefore if his obseivations had been made 11 
days sooner, he would not have perceived any motion, and the discovery might 
have been lost. It is probable, however, that if this had happened, the L- 
coveiy would have been made ; for from the singularity of its appearance, which 
a one made Di. Hekschel pay attention to it, he would undoubtedly have 
continued to observe it, till he had discovered its motion, which must verv 
soon have been peiceived. 

It having been found that the motion did not kgree to that of any one circle 

determine the eUipse in which it moved, supposing 
that, like the other planets, it devolves in such a curve, having the sun in one 
of its foci. ® 

292. The methods of finding the orbit of a planet as described in Chap XIII 
aie by three hehocentric places and the times between, oi by three distances 
from the sun and the angles between. TTie fii'st method may be applied flora 
three observed oppositions ; and to apply the other we must have five but as 
^e latter method is direct, and also so very simple when compared with the 
formei, we shall prcfei that, as theie arc now observations sufficient for it if we 
had wanted the elements of the orbit before there had been sufficient dlta' foi 
the lattei, we must have used the former method. By this, Mr. Robison Pio 
fessor of Natural Philosophy in the University of Edinburgh, has investigated 
the elements of the orbit, in the Tmiw. Vol. 1. 1788 j we shall theiefore 

fully explain the principles and computations as given by him j the method is 
capable of great accuracy. So far as the obseivations are accurate, and may be 
easfiy understood by those who are well acquainted with only the elementary 
parts of Mathematics and Philosophy. ^ 
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The obseivations upon which the investigation is founded, are as follows : 

Tiue Time at Edinbuigh. Longitude. N. Lat. 

Dec. SI, 1781, - - - 17^ 44'. 33" - - - S'. 0°. 52'. ll" - - - 15'. 7" 

26, 1782, - - - 8. 56. 56 - - - 3. 5. 20. 29 - - - 18. 56 

31, 1783, - - - 0. 46. 24 - - - 3. 9. 50. 52 - - - 22. 10 

Jan. 3, 1785, - - - 17. 28. 56 - - - 3. 14. 23. 2 n - - 25. 40 

8, 1786, - - - 10. 39. 31 - - . 3. 18, 57. 5 - - - 28. 52 

293. We have here the tunes of five successive oppositions, as deduced fiiom 
observations, and the corresponding hehocentuc longitudes and latitudes. 
Hence the longitude of the node on Januaiy l, 1786, was 2". 12®. 48'. 45", and 
inclination of the orbit 46'. 26". The place of the node and the inclination of the 
orbit being determined, the places of the planet reduced (268) to tlie orbit will 
be known, and thus we may find the arcs described in the oibit itself between 
tlie above oppositions. 

294^ Mr. Robison next took the opposition on Decembei 31, 1783, foi an 
epoch to which the other observations were to be reduced. The inteival be- 
tween this and the preceding opposition was 369c?. l5/i. 49'. 28" , from this 
opposition he counted back the same interval of time , and m like manner he 
counted forwards from the epoch two equal intervals j thus he got four equal 
intervals of time, to which times he found the places of the planet upon its 
orbit , and upon companng their differences, he discovered that they had irre- 
gularities not consistent with the motion of a body in an ellipse ; these there- 
fore must have aiTSon fiom some inaccuracies in the observations , and as, upon 
account of the small intervals of tlic places, such errors would be the cause of 
great errors in the elements of the orbit, it was necessary to coriect these in- 
accuracies, so as to give the differences such alaw, as near as possible, that they 
ought to have. 

295. The next consideration was, upon what principle this collection was to 
be made , and this was, by finding, as neaily as possible, about what pait of the 
elhpse tlie planet was m at the time of the above observations, and then by observ- 
ing in similar paits of the ellipses desenbed by the other planets, what law the 
first and second differences of the angles described in equal times obscive. The 
places of the planet in die ecliptic at five points of time being known, its place 
at any other point of time may be very accurately found by inteipolatioii. Now 
on March 6, 1782, at 6/t 14', 56" mean time (at which time the planet was sta- 
tionaiy), its apparent longitude upon the ecliptic was observed to be 2*. 28°. 
49'. 27" ; the hehocenLric longitude was also found by interpolation j hence the 
distance of the plan^ftom the sun came out 18,9053, the eaith’s distance fiom 

6 


165 


ON THE ©EOEOIA.N PXANET. 
f 

i 

the suu beiDg unity. By interpolating the place of the planet fipr March, 7d. 
&k. 14. 56 , it was found to have moved 43", 41365 in 24 hours ; but a planet 
revolving about the sun in a circle whose ladius is 18,9053, will have its diurnal 
motion = 43", 1647. Now the angular velocity of a body in an ellipse is to the 
angular-'yelocity in a circle at the same distance, in the subduplicate latio of 
half the latus rectum to the distance ; hence, the planet’s distance from the 
sun Was less than half the latus lectum. Also, by ahke pxocess for April 1781, 
it appeals, that at that time the angulai motion of the planet exceeded, by a 
very little, the angular motion of a body in a ciicle at the same distance ; there- 
fore its distance fionr its perihehon could be but a very little less than 90®. We 
find moreover, that the angular velocity of the planet about tlie sun was con- 
tinually acceleiated at the time of the above observations, and therefore the 
planet was appioaching its penhelion. Now by exanuning the tables of the 
planet’s motions in similar situations, it appears that, in equal intervals of time, 
the first differences decrease veiy slowly, and the second differences incieasc 
very slowly. Mr. Robison therefore gave to tlie fiist differences a very smaU 
diminution, and to the second diffeienccs a vciy small increase, and this col- 
lection was made without alteiing any of the longitudes moie than 3" j for the 
first observation had its longitude dimimshcd l", the second and third increased 
2",5, and the fomth and fifth diminished by 3", and this must be allowed to be 
within the limits of piobability. The times concsponding to the above men- 
tioned equal intervals, and the conesponding corrected longitudes, cleared from 
tlie effects of aberiation and nutation, and reduced to the orbit, and the epoch 
of 1783, are as follows : ^ 


True time at Greenwich. Longitude. 

Dec. 21, 1781, 17”. 20'. 17" 3*. 0®. 53'. 50" 

26, 1782, 9. 9. 45 - - - . 3. 5. 21. 16, 5 

31, 1783, 0. 59. 13 - - - - S. 9. sO . 37, 5 
Jan. 3, 1785, 16. 48. 41 « - - . 3. 14. 21. 52 

8, 1786, 8. 38. 9 3. 18. 54. 58 


These give the following intercepted arcs, with 

diffcienccs : 


4°. 

27'. 

26", 5 






1'. 

54",5 

4. 

29. 

21 






1. 

53, 5 

4. 

31. 

14, 5 






1 . 

51,5 

4. 

S3. 

6 




their first and second 

1" 

2 


Fiom these data the elliptic orbit of the planet is to be constructed. 
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296. Let ACP be the orbit, P the perihelion, S the focus, y/, B, 6', D, E 
the places of the planet at the five oppositions , and diaw the chords and the 
radii. Now we may conceive the chords AC, CE to be bisected by the radii 
SB, SD in X and g. Poi supposing them to be bisected, the tiiangle ASxzz 
CSx, and the tiiangle BxC^BxA, by Euchd B. I. P. 38. And the elhpse 
being nearly a ciicle, Sx is nearly perpendicular to CA, and theiefoie the 
chords BC, BA, and consequently the two segments, will be very nearly equal, 
and each being also extremely small compared with the triangles CSB, A SB, 
the sectors CSB, ASB will be very nearly equal, and hence the times from, 
A to B, and from B to C, may be considered as equal, without any sensible 
eiioi, and theiefoie B will be the place of the planet at the second observation. 
In like manner, D will be the place at the fourth obseivation. 

^ 297. Let the given angles ASB =v, BSC -v, CSD=x, DSE= 7 j, ASC^, 
('SEz=z, then AS Ax - sin AxS sm, u, and Cx, oi Ax CS sin. sin. 
CxS o\ AxS-, hence, AS CS sin v sin u , in like mannei, ES . CS r sin 
X • sin. 1 / ; thus we know the ratio of AS, CS, ES, and the angles between themi 
consequently the species and position of the ellipse may (257) be found. The 
erroi aiising fiom the supposition of the chords being bisected, is here so ex- 
tremely small, that it may safely be neglected , howevei, as Mr. Uoblson has 
shown how it may be corrected, we shall explain the method, as it may, upon 
other occasions, be necessary. 

298. Bisect AE in E, AC m H, CE in G, and draw SHb, SFc, SGd, OFk 
OG^, 0 being the centei of the ellipse. Since the angles Wv, cSd are vei^ 
small, the triangles cFk, dGv aie nearly similar, and cF, dG being considered 
as veiscd sines, they will be veiy neaily as the squares of the chords ; hence the 

^^oacF/c dGv cF^ dG^ AE^ CE\ Now by the property of the ellipse, 
the aiea EFJc=AkF, also EFS—AFS, hence, SFkE=zAkFS‘, add Fkc to 
holih, and ScEzzAJcFS ■i-Fkc=:S'c A + 2 Fkc , therefore ScE—ScA=2Fkc', but 
as aSCP=S'CA, therefore ScE — ScA—%SCc, consequently Fkc=S('c. I’or the 
same reason, dGv^zSDd , but as SD, SC are very nearly equal, Cc : Dd’ area 
SCc SDd Fkc . dGo'. AE* . CE*. And as the aics AC, C'P are very small 
and nearly equal, therefore <i>F=Cc, and Gg=dD very nearly ; also AE CE 

;. 2 : 1 very nearly , hence, pF: Gg:: 16 ■ i. For the same reason, 9F : Hx:: 16 

1 nearly. 

299. Let ABCDE be the true elhpse, take Se ’ SC . sin. . 2 - : sin. y, and- 
Sa : SC.: sm. v : sin. w, and Sa aie the values of the first and last radii, as 
determined m Art. 297. consequently Ee, Aa are the eiiors to be found. 

Now SC : Cg : • sin. g : gin. w 
And Cg Eg Cg.Eg 
Also Eg • SE sin. y • sin. g 


ON THE GEORGIAN PLANET. 


167 


SC SE :',Cgx sin. y Eg x sin. x 
But Se : SC ; ■ sin. x sin. y 
Se . SE Cg . Eg 

Ee :SE:: Cg -Eg : Eg.'. 2gG : Eg. 


In like manner, Aa • SA: 2xH Ax (because the aics JC, CE are veiy 
nearly equal) 2gG • Eg, and hence, as SE =SA neaily, Ee=Aa neaily. 

Now Se : Ep sin. p sin. z 
And E<p - Alp,' Ep : Ap 
Also Af : SA sin. 'w sin. p 

Se : SA • E<p X sin. 'w z A<p x sin. z 
Assume SA .So.: sin. z : sin. 'w 
..SE .So:: Ep : Ap 
SE : Eo- EP : Ap — Ep, or 2pF. 


But as EA IS nearly = 2 AC, Ep ■=z2Eg neaily j also 2p Fz=. S2Gg , 

Hence, SEz Eo". 2 Eg z 32Gg .: Eg : l6Gg 
But Ee . SE:: 2 Gg Eg 
Ee: Eo. 2Gg z 16Gg . • 1 8. 

Make & : Sr.- sin z : sm and then & ■S.r.SJ: therefore .ia : 

S^ Sb 5 and as SB=Sa nearly, therefoie Aa=o^ nearly , but Aa=zEe nearly 
consequently Ee=os nearlyj but Eo=8Ee, hence, es=6Ee, and therefore Ee 
=1 nearly. 

In like manner, find a point « as e was found, by taking Se 6* :: sin to • sin 
and a point o' as o was found, by taking SE : 6b'. • sin. in : sin. .s, and by the 

same reasoning it wdl appeal, that Aa=^. Hence we have the following con- 

Take CrSofany value, assume 

sin . u . sm. 6C . 6<? •. sm . y z sin. x, Se - S^:: sin. tv z sin. and ^azS^" sin 
X : sin. Then make SA=Sa^-^, and SE=.Se-^^ and will be 

the other two radii. Hence by Art. 2S7. the angle ESP=2‘. 4°. 14'. 53 ". and 

he excentricity = o,9006, the mean distance of the earth being unity! Also 

(232) the mean anomalies corresponding to the true anomalies OS A, OSE will 

be known. Therefore the difference of theso twn rv,.ror, i f 

frntn xl p fKrr ^ ^nerence 01 tnese two mean anomahes : 360 ° :: time 

om A to E. the time of a sidereal revolution j and the squaie of a sidereal 
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yeai : square of this sidereal revolution : • 1 * the cube of the planet’s mean dis- 
tance from the sun. Hence we deduce the following elements. 


Mean distance - - - „ . ] 

Excentricity 

Peiiodic time 8 

Mean anomaly at £ - - . . . 4 *. 

W- of aeS 

Inchnation of the orbit - - _ . 

Equation of the centei - . _ , 


19,0824-7 

0,9006 

83,359 years 
. 0°. 32'. 51" 

. 23. 9. 51 

!. 12. 46. 14 
O. 46. 25 
5. 26. 56,6 


300. These elements, says Mr. Robison, aic as accuiate as the observa- 
tions on which they are founded can give them; and agiee at piesent (1788) 
very well with the observations, the differences being as often as much m de- 
feet as in excess ; but as the observations were made so near together, it cannot 
be expected that this agreement will last for a long time. As they may be 
found to vary from obseivations, they may be corrected by Art. 267, without 
computing them over again. The stai N°. 964, observed by Mayer in 1756, 
IS not now to be found ; and by computing the place of this planet foi the time 
of his observation, Mr. Robison found the planet to be only s'. 52 " westward 
of the stai, and l" northward, from which he suspected that it might have been 
this planet which Mayer obseived. It will appeal however that this was not 
the case. It was also conjectured by some Astionomeis, that the star N°. 84, 
Taun, of the British Catalogue, was the new Planet; but Mr. Robison 
thinks this conjecture by no means to be admitted, as it cannot be made to 
agree with the eleiments. Mr. Robison has computed tables of tins planet’s 
motion, and observes, that the deviations from observations made ncai the ver- 
nal stations arc in defect, whilst those near the autumnal stations aic in excess. 
Hence it may be presumed, that the mean distance and pei iodic time are 
somewhat too small, and the aphelion too foiwaid. This he did not perceive 
till after he had computed his tables, and, he observes, the task was too tedious 
to make the computations anew. He therefore publishes them, not in the per- 
suasion that they are perfect, but because they are more consistent with obscr- 
vations than those of M. de la Place, and Oruni, the only ones which he had 
then seen. 


fe-: 
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The Elements given hy M. de la Place, are. 

Mean longitude 1784 
Aphebon ... 

Node .... 

Equation .... 

Inclination 

Secular motion of the aphehon 

node 

Mean distance 

SOI. M. de la Lande, in the Histoire de P Academte Royal des Scte 9 ices, 1787 
has con ected these elements, aftei detei mining two distances from the sun, the 
angle, and time between. We shall explain the manner in which he has re- 
duced the Pioblem to these data. To examine more accurately the motion of 
this Planet, he settled, from the best observations, the places of those fixed stais 
with which the Planet had been compared. 

302. Let S be the sun, E and F the places of the eaith when the Planet was 
m quadiatures at H and K. Now in the quadiatuie before opposition the 
geocentiic longitude computed was found to be greater than that by obser- 
vation, and in the quadratuie after opposition, to be less. Diaw SGH, SIK 
and suppose G and / to be the computed places; then as the difleience between 
the true and computed distances from the sun cannot sensibly vaiy between tlie 
^o qu^ratures, we may suppose GH=1K, and consequently the angle HEG 
T-n' difference between the true and computed angular veloci- 

ties wiU not sensibly vary, we may suppose the true places to be at B and K 

® the »ngl« 

MEG, KFI arc observed to be equal , the true places will be at B and K, and the 

computed ones at G and I. Now the distance compared with 8E beinff 
given, and the angle SEG a light angle, if we assume the angle BEG~\(j' 
we shall find 6*17=10,017. At the quadratui es at E on Novcinbei 21 1788* 
the eiior BEG was found to be 23", and the error KFI in the preceding qua-* 
drature May 8, was 20", we will therefore take the mean 21",5 foi each enor* 
hence, lO 0,017 ; 2l",3 . 0,03655 the quantity by which you must augment 
the computed distance in order to get the true distance. M. de la Lande 
makes it 0,04. Now fiom the position of E and 8 in respect to 6, as the com- 
puted geocentnc longitude of 6 was diminished i",5, the conesponding com 
puted heliocentric longitude will be diminished by about the same quLtitv' 
subtract theiefore 1",5 from the computed heliocentnc longitude, and you wll 
have tlie true hehocentric longitude. Repeat the same for any other quadra- 
ture, and you wiU get the two distances from the sun, with the angle and time' 
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s^ 

14' 

43'. 

18' 

11. 

17. 

6. 

44 

2. 

12. 

46. 

47 

- 

5. 

21. 

3,' 

- 

- 

46. 

16 


1. 

28. 

0 

- 

- 

26 

10 

- 

- 

19,18352 


riG, 
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CHAP XVII 

ON nil APPAEliNr MOnONS AND I’HASPb OF THF PLANET'S 


110 

68 


4 ^ 


Alt 312 AlS all the planets levolve about the sun as tlieii centei, it is mam 
fest, that to a spectator at the sun they would appeal to move in tlie diicction 
in which they really do move, and bhine with Ivdl faces But to a spectatoi on 
the earth which is in motion, they will sometimes appeal to move in a diiection 
contiaiy to their real motion, and sometimes appear stationaiy , and as the same 
face 13 not always turned towaids the eaith as towards the sun, some pait of the 
disc which IS lowaids tlie caitli will not be illuminated These, with some 
otliei appeaiances and ciicumstances which ue obseived to take place among 
the planets, we shall ncxtpiocecd to explain , and as tliesc aie m itteis in which 
gieat accmacy is nevci leqmsitc, being of no gieai piaclical use, but lather 
subjects of ciuiosity, wc shall considei the motion of all tlie planets as per 
foimed in arcles about the sun in the centei, and lying m the plane of the 
echptic 


SIS To find the fo&iUm of a pi met when stationaiy Let «S’ be the sun, JE 
the earth, P the coteinporaiy position of the pi met, XY the splieic of the fixed 
stais to which we refer the motions of all the pluiets , let PP, PQ be two m 
definitely small arcs desenbed in the sunc time, and let PP, PQ produced, 
meet it h , then it is manifest, that whilst the caitli was moving fiom P to P, 
the planet appeal ed statiouaiy at L , and on account of the immense distance 
of the fixed stars, PPX, PQL, in ly be coiisideied is p iiallel Diaw *SP, *SPVd, 
iSViP and -AQ , then as PP and PQ aic pai illel, the ingle QFS— PEHzzFwS 
-•PES^ESF, and SP>w-SQF=:SvF-SQF= PSQ , that is, the cotcrapo 
rary variations of the angles E and P aie as ESF PSQ^ oi (because the angu 
lai velocities arc inversely as the pciiodic times, oi mvciscly in the sesqmpheate 

I i j 1 

latio of the distances) as SP or as a l But the sines of the angles 

P and P being in the constant latio of a l, the cotcinpoiaiy vaiiations of 
diese angles will (as is well known) be is tlicii tingents Hence, if a. and^ be 

the sines of the angles E and P, we have v y a l. and — ^ 

1, whence ^ = V 

planet’s elongation fiom the sun, when stationaiy 


Ex If P be the earth, and E Venus , and we take the mean distances of 
the eaith and Venus to be 100000 and 72383, we find =0,48264 the sine of 
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28® 51' 5", the elongation of Venus when, stationaiy, upon the supposition of 
ciicul-u oibits 

Foi excentiic oibits, tlie points will depend upon tihe position of the apsides 
and place of the bodies at the tune W^e may howevei get a veiy neai appiox« 
imation thus Find the time when the planet would be stataonaiy if the oibits 
Meie cuculai, and compute for seveial days, about that time, the geocentnc 
place of the planet, so that you get two days, on one of wluch the planet was 
duect and on the otliei letiogiade, in which inteival it must have been station- 
aiy, and the point of time when tins happened may be determined by interpo- 
lation The aic of letiogiadation must manifestly be difFeient in different parts 
of the oibit M de la Lande has given us the following ciicumstances re- 
specting the stationaiy situations, and letrogiade motions of the planets The 
first stationary, means the stationaiy position after the planet has been direct, 
and the second stationary, after it has been letiograde The titles above show 
tlie places of the planet and the eaith in then oibits when the planet is Jirst 
stationary, all other elongations at the time they aae stationary, aics and du- 
rations of letiogiadation, must necessaiily be contained within these hmits If 
the time of letiogiadation be subti icted horn the time of a synodic revolution, 
the lemaindei gives the tune in which tlie motion of the planet has been d^ect 


MERCURY 


Elongation at the tiist stationaiy - - 

— second stationary - 

Arc of letiogiadation - _ . 

Duration of letiogiadation 


S m perihelion 

{f m aphelion 

0 U 1 aphelion 

©in perihelion 

15“ 28' 34" - - 

- 18° 39' 23'' 

20 50 55 - - 

1 

00 

00 

CD 

15 48 58 - . 

- 9 21 56 

21 days I27i - - 

- 2Sdays 12A 


VENUS 


$ in perihelion 
@in dphehon 

Elongation at the liist stationary - - 29“ 6' 42" 

second stationary ^ 29, 40 42 

Aic ofietrogiadation - - - 17 12 15 

Duration of letrogiadation - . 43 t%sl 2 A 


¥ in aphelion 
Gin peuhelion 
28“ 28' O" 
27 41 O 
14 35 58 
40 21/i 
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MARS 


^ in penhelion ^ m aphelion 

@in aphelion @in peiihelion 

Elongation at the fiist stationaiy - 4* 25® 3' 9' - - 4® 10® 18' 59' 

■ second station > 4 26 36 51 - • 4 8 44 20 

Arc of retrogradation - - 0 10 611--019S4 38 

Duration ot retrogradation - m days hours - m days 15 how \ 


JUPITER 


If in perihelion It in 'iplif 1 i«h 

0in aphelion 0in pcziiichou 

MongaUon at the first stationaiy - 4* o° 7' 47" - - 3‘ 24® 2' 35 
' second station - 3 26 . 41 49 • - 3 23 35 18 

Ate of netcogradation . . o 9 5i 30 - > 0 9 59 23 

Ihttation of retrogradation - llQdayslZhms - I22<%r l2/wtt/s 


SATURN 


Ji in perihelion ^ in aphelion 

0in Tphehon ©lu puihtlum 

Elongation at the first stationary - 3’ 20® 19' 38" - - 3’ 17® 51' 5* 

— second station, - 3 20 45 50 - - 8 17 24 48 

Arc ofretrogiadation - - 0 6 55 44 --0 6 40 S9 

IXsacation of retrogradation - 135 day sB hours - \33days\3}wws 


GEORGIAN 


Elongation at the first stationary 

— second station 

Asc of Tetrogradation 
Dtiiifatton of retrogiadation 


Jg^in perihelion 
0 m aphelion 
3* 12® 23' 
3 15, 5 
O. 4 13 
I5ld, 12A. 


aphelion 
@in perihelion 
3*, 13® 38' 
3 18 47 
0 4 3 

l4iBd ISA 
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m their centei, would be found by saying, ES SV rad sin SEV But 
the 01 bits aie not ciiculai, in consequence of which the angle EVS will not be 
a light angle, unless thegieatest elongation happens when the planet is at one 
of Its apsides The angle SEV is also subject to an alteiation hom the van 
ation of SE and S V The greatest iSjEF happens, when the planet is m 
Its aphehon SiXid the eaith m its , and the least angle SEV, when tlie 

planet is in its perihehon ind the eaith in its apogee M de h Landp has 
calculated these greatest elongations, and finds them 47® 48' and 44® 57' toi 
Venus, and 28® 20' and 17® 36' foi Mercury If we take the mean ol the 
gieatest elongations of Venus, which is 46° 22', 5, it gives the angle jrAJi,=-43° 
37', 5 , and as the difference of the dailj mean motions of Venus and the cailh 
about the sun IS 37', we have 37' 43° 37,5 l day 70,7 days, the tune that 
would elapse between tlie gieatest elongations and the infeiioi conjunction, 
if the motions had been uiiifoitn, which will not vaiy much fioin the tiue 
tunc 

Di Maskelyne gives the following lule foi finding the tune of the gieatest 
elongation of an infenor planet Take the difieiencc of the sun’s and that of 
• the planet’s longitude foi eveiy thiee days, about the time of the giealcst elon 
gation, and note on which day (the 25th in this example foi Mcicuiy) the 
elongation IS the gieatest (21° 56') Then as the elongation was gieitei on 
the 28th than on the 22nd, the 28th was neaiei the gieatest elongation than 
the 22nd The gieatest elongation, theiefoie, was aftci tlie 25th, and call the 
time (the deciind of a day) h, and tlie gieatest elongation, 21° 56'+ a- 
Hence, on the 22nd, the distance of the time to the gieatest elongation, was 
3 + //, andthe diffeience fioin the gieitest elongation, was 21° 56' + a— 21", 
31'= 25' + a 


June 

O ’s Long 

Mei Long 

Elong 

16 

2* 24”’ 22' 

2’ 

5° 

41' 

18° 41' 

19 

2 27 14 

2 

6 

48 

20 26 

22 

3 0 6 

2 

8 

35 

21 

31 

25 

3 2 58 

2 

11 

2 

21 

56 

28 

3 5 49 

2 

14 

6 

21 

43 


On the 28th, the distance of time fioin the greatest elongation, was 21° 56 ' t j 
— 21° 4S' = 13' + a' Therefore, on tlie 22d, 25th, 28th, the intervals fioiu the 
times of the greatest elongation, and the excesses of the gieatest elongation 
above the computed elongations, weie 3+ A, h, 8—h and 25' + v, a, 13'+i 
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respectively , but as, foi small quantities, the spaces vaiy veiy neaily as tlie 

squaiesofthetimes, g+e/i + A- h* 25 + a, a., %nd h* 9 - 6 /i + /«» a; 13 ' 

+ A , hence, /i= = A of a day, the time aftei the 25th fo> the gicatest elon- 

gahon=jlA horns, and a=13'x^ = 28', and the gieatest elongation 
IS 21“ 56’ 28" 

V ?i! ^ appeaiance of a planet at any tune Let S be the sun, 

^ the ea^th, r Venus, foi example, aVb the plane of illumination pcipendicu! 

1 vision peipendiculai to EV, and diaw pcipendi- 

cu ai to cd, then ca is the bieadth of the visible illuminated pait, which is cio 
jeeted into the veiscd sine of eVa, oi SFZ, foi i>Vc is the complement of 
each Now the ciicle teiminating the illuminated pait of the planet, beine seen 
o ique y, a^eais to be an elhpse, theiefoie if cmdn represent the projected 
hcmispheic of Venus next to the emth, mz, cd, two diameteis peipcndmidai to 
each othei, and we take ca=the veised sine of f>VZ, and desciibe the eUipsc 
then ~ will lepiesent tlie visible enlightened pait, as it appeals at 
the eaith and f, ora the piopeity of the ellipse, this aica vaiics as 
lienee, the vtMbk enlightened pai t the 'whole dm the 'versed sine of SVZ 

ntcvniGid 

Hence, Mercury and FemisynU h ive the same phases fiom then infciioi to 
High supeiioi conjunction, as the moon has fiom the new to tlie full md the 

conjunction, as the moon has 'fiom the 
^ 1 A ^ ^ gibbous in quadiatuies, as the angle SFZ 

mirnen ddfe comidorably fiom two light angles, and oonsaguently the vaL^d 
me fiom the diamelei For Ji^iler, SiUm n and tho Oeergtm, the Mgle iVZ 
noTO difieis enough fiom two light angles to make them appeal gibbous^ w 
tliat they ilw lys appeal to shine with a full face ’ 

819 Let Fbc the moon, then as J2 F is veiy smaU compaied with VS FW 
flicse hues wiUbe vo.y ii.„.j psi dU, ...d the angle SFZ veip S S 
il,r, hence, 1/16 w»ifee«bg;//<.mdparf«/-fte moon mnuveiy lU 

vezsed sine of its elongation ^ ^ 

Ft.!!? ? ^^^^u^vpioposed the following Pioblem To find tlie position of 
Venus when biightest, supposing its oibit, and that of tlie eaitli, to be cuculai 
ming th^sun in the centei Draw Sr peipendiculai to EVZ, and put a==SE 
~SV, ar—EV,y—Vr, then b-y is the veised sine of the angle SVZ and 
as tlie intensity of light vanes inveisely as the squaie of its distaLe, the quan- 
tity of hghtieceived at the earth vanes as but by Euchd, B 

P 4 2i2?7/ hpTlPA 7/ ^ -L A. j 4 if e 

nence,^— ^ substitute this for y, and 

4 a 
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yire get the quantity of hght to be as A — ^ — ^* ± ^1 . 1 A = a 

maximum , put the fluxion equal to nothing, and a=y/8o* + — ib Now if 
a— 1, 3=, 72333 as in Di Halley’s Tables, then a z=, 43036 , hence, the angle 
ESV=22° 21', but the angle JESV at the time of the planet’s gicatcst 
elongation is 43° 40', hence, Venus is brightest between its infeiioi con- 
junction and its gieatest elongation , also, the angle SEV— 39 ° 44' the elonga- 
tion of Venus from the sun at the same time The angle SVZ=. VSE + VESzz 
62° s', the veised sine of which is 0,53, radius being unity, hence (318), 
the visible enlightened pait whole disc 0,53 2, Venus theiefoie appeals a 

little moie than one fouith lUummated, and answeis to the appearance of the 
moon when five days old The diamctei of Venus is about 39", and thcicfoie 
the enlightened pait is about 10",25 At tins tune, Venus is blight enough 
to cast a shadow at night This situation happens about 36 days beloio and 
aftei its infciioi conjunction, foi the daily vaiiation of tlie angle ESV is the 
difference of the daily motions of the eaith and Venus about the sun, which 
(taking their mean motions) is 37', an angle ESV theiefoie of 22° 2l' cones- 
ponds to about 36 days It passes the meiidian about 2/i 31' befoie oi aftei 
the sun, accoiding is we take tlie situation aftei oi befoie tlie inferioi conjunc- 
tion If instead of supposing Venus and the cartli at then mean distances, we 
suppose Venus in its penhelion and tlie eaith m its apogee, the elongation of 
Venus when brightest would be 39° 6', and if Venus weie in its aphelion and 
the eaith in its perigee, it would be 40° 20' Memoirs de Bei hn, 1750 

321 If we apply this to Mei cm y, ^=,3171, and a = 1,00058, hence, tlie 
angle ESV— * 13 ° 55'i , but the same angle at the time of tlie planet’s gieatest 
elongation is 67“ I3'i Hence, Moicuiy is biightest between its gre itest elon- 
gation and Bupenoi conjunction Also, the angle SEVzz22° I8'i tlic elonga- 
tion of Mercury at that time 

822 When Venus is biightest, and at the same time is at its gicatcst noith 
latitude. It can then be seen with the naked eye at any time of the day, foi 
when its north latitude is the gieatest, it rises highest above the hoii^on, and 
theiefoie is moie easily seen This happens (325) once m about eight yens, 
Venus and the eartli letuining neaily to the same paits of then orbits aflci that 
mterval of time 

323 Ventts is a mm rang stai fiom infenoi to supeiioi conjunction, and an 
evening star from supeiioi to infeiior conjunction For let S be the sun, E tlie 
caith, ACBD the oibit of Venus, am, esn, two tangents to the eaith, lepre- 
senting the hoiizon at each place Tlien the eaith i evolving about its axis 
according to the oidei abc, when a spectator is at a, the pait rOm of the oibit 
of Venus is above the hoii/on, but the sun is not yet iisen , theiefoie Venus, 
in going fiom r through C to wi, appears in the morning befoie sun rise When 
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the spectatoi is earned by the eaith’s lotation to c, the sun is then set, but the 
pait nDs of Venus’ oibit is still above the hoiizon , theiefoie Venus, in going 
from n thiough D to s, appeals in the evening aftei sun set 
324 If two planets revolve in circulai oibits, to find the tune from conjunc- 
tion to conjunction Let P=the peiiodic time of the eaith, jn^that of the 

planet, suppose an inferior, if = the time lequired Then P i day 360° 
360*^ 

- p the angle described by the eaith in i day , foi the same ieason,£!^is the 

P 

angle described by the planet in i day, hence, is the daily an- 

gulai velocity of the planet/row the eaith Now if they set out from conjunc- 
tion, they will letmn into conjunction again aftei the planet has gained 360° 
360° 360° n , P« o , 

hence, 360° 1 day Foi a supenoi planet, /= 

j?P ^ 

p — P between two oppositions, oi between any 

two similai situations 

325 To find the time when a planet and the eaith letiun to the same point 
of the Heavens Find, fiom a Table of their mean motions, a number of years 
agieeing to a complete nuinbei of revolutions of the planet Now Mercury 
in 13 yeais, (of which three aie bissextiles) and thiee days, make 54 i evo- 
lutions and 2° 55' ovei , and the eaith has made 13 revolutions and 2° 49 

over In this time therefore the earth and Mercury return to the same situa- 
tion in the heavens, very nearly It will be 13 years and two days, if there be 
oui bissextiles Venus, after a space of eight years, is found within 1° 32 ' of 
the same place, and the earth within 4' Mars, in 15 yeais wanting 18 days 
has changed its place 11’ 11 ° 26', and the earth ir 11 ° 38', if there haye 
been four bissextiles, it will be 15 years wanting 19 days But in 79 years 
and 4 days, supposing theie are 20 bissextiles, Mars letuins to the same 
situation within 3° 39', and the earth within 3 ° 48' Jupiter in 83 years re- 
turns to the same point within 12', and the earth within 6' The period of 12 
years 5 days approaches yeiy near, for Jupiter has in that time made 4° 47' 
above one revolution, and the earth 5° l' above 12 revolutions Saturn in 59 
years and two days returns to the same situation within 1° 45', and the earth 
within 1° 41' M de la Lanbe, who has given these returns of the planets 
and earth to the same point of the Heavens, has also added the following 
Granb Conjunctions. ® 

On May 22, 1702, Jupiter and Saturn were within 1 ° 4 ' of each other 
Miscel Berolm p 217 

On February li, 1524, Venus, Mars, Jupiter and Saturn were very near 
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each other, and Mercvry not above 16“ from them, accoidmg to the Ephe- 
meiis of Stoffler 

On Novembei 11, 1544, Mercury^ Vemts^ Jitter and weie ■within the 

space of 10° 

On Maich 17, 1725, Mercury, Venus, Mars and Juptter appealed within the 
same telescope Souciet, Obs Mathem Tip 103 

On Decembei 23, 1769, Venus, Mars and Juptter were within 1° of each 
other 



CHAP xvm 


ON HIE MOON^S MOTION FROM OBSERVATION, AND ITS PIIJENOMENA 

Art 326 The moon being the neiiest, and most lemaikable body m our 
system next to the sun, and also useful foi the division of time, it is no -wondei 
that the ancient Aslionomeis weie attentive to discovei its motions, and it 
IS a veiy foitunate cucumstance, that thou obseivitions have come down to us, 
as fiom thence its mean motion can be moie accuiately settled, tlian it could 
^ve been by modern observations only , and it moieovei gave occasion to Di 
Halley, fiom the observations of some ancient echpses, to discovei an acce- 
leration in Its mean motion The piopei motion of the moon in its orbit about 
the eaith is fiom west to east, and fiom companng its place with the fixed stais 
in one revolution, it is found to describe an oibit inclined to the ecliptic its 
motion also appears not to be uniform , and the position of the mbit, ind the 
line of its apsides aie observed to be subject to a continual change ITiebe cu- 
cumstances, as they arc established by obsejvation, we come now to explain 

the physical causes thereof will afteiwaids become the subject of oiii conside/ 
ation 


To determim the Tlace of the Moon's Nodes 

827 First Method Let AE be the ecliptic, A the first point of Aries OE 

the moon’s orbit, N the node, m the place of the moon in its orbit when it 
passes the meridian on tlie day before it comes to the echptic, n the place when 
it passes the day aitei, and diiwjjm, n*oo peipendiculai to EA Emd Ci 24 ) 
Its latitudes mu, nw on tliesc two days, and its longitudes Av, Aw, then tni> + 
nw mv m, 'vN, which added to A>o gives the longitude of the node To 
find the time when the moon is m the node, wc have w •vN the inteival of 
time between the passages of tlie moon over tlie mciidian tlie inteival fi-om 
tlie time of the first passage over the mendian Ml it comes to the node tins 
interval therefore added to the time of that passage, gives the time of the naa- 
sage through the node ^ 

828 Second Method In a central eclipse of the moon, the moon’s place at 
the middle of eclipse is directly opposite to the sun, and the moon must 
also then be in the node , calculate therefore the true place of the sun of 
which IS more exact, find its place by observation, and the opposite point wiH 
be the tiue place of the moon, and consequently the place of its node, 

7 
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Ex. M Cassini, in his Astronomy, pag 281, infoims us, that on Apiil 6, 
1Y07> a central echpse was observed at Fans, the middle of which was detei- 
mined to be at I2h 48' appaient time Now the tine place of tlie sun calcu- 
lated foi that time w IS O’ 26° 19 17", hence, the place of the moon’s node 
was 6’ 26° 19' 17" 'The moon passed fiom north to south latitude, and thcic- 
foie this was the descending node 

iiG 329 Third Method To find the place of the node by a paitial eclipse 
Y4 Find, by observation, the magmtude AB of the echpse at the middle, and sub 
tract It firom the seimdiameter AD of the eaith’s shadow, and we have DBy to 
which add BC the semidiametei of the moon, and we have CD Now at the 
time of a hinai echpse, we may suppose the angle CND — 5° 17', fiom which 
it will ncvei difibi but a veiy little Hence, in the light angled tiianglc DCN^ 
light angled at C, we have DC and the angle DNC, to find DN , and as the 
point D is opposite to tlie tme place of the sun, which is known by computa 
bion, the place N of the node will be known 

Ex On March 26, 1717, the middle of an echpse was observed at Pans at 
15A 16', and the digits eclipsed were 7io towards the north Now the semidi 
ametci of the moon was 15' 46", and that of the shadow 42 4s", hence, 12 
dig 7i5 dig 81' 32" the diameter of the moon 19' S' — AB, tlieielore 
BD:=2S' 35", to which add JBC= 15' 46", and we have CD = S9' 21 ', which*, 
is south, because the shadow upon the moon is towards the north Ilcncc in 
the light angled triangle DCN, we have CD =: 39' 21 ", and the angle iV=5°, 
17', consequently DiV=7° 8' 26", which is the distance of the tenter of the 
earth's shadow fiom the ascending node, because the shadow of the CcUth is on 
the north side of the moon and tire latitude is decreasing Now the tiuc place 
of the sun at that time was O’ 6° 20' 48", and therefore the true place of the ten 
tei D of the earth's shadow was 6’ 6° 20 ' 43", to which addD*N=7° 8' 26" 
and we get the true place of die ascending node of the moon to be 111 6’ 13 °, 
29' 9" M de la Landb makes die epoch of the ascending node £01 1780, to 
be 2- 0° 3' 2" 

On the Mean Moli<m of the Nodes 

330 To determine the mean motion of the nodes, find (327) the place of 
the nodes at different times, and it will give then motion in the inteival Wo 
must first compare the places at a small interval, to get ncaily then mean mo- 
tion, and then at a greatei interval to get it more accurately Now on Apiil 16, 
1707 , at ISh 48' at Paris, the ascending node was in 0’ 19', and on 

March 26, 1717, at iSh 16, the place of the same node was in 6* 13° 29', 
also by an echpse observed at the same place on September 9, 171 8, at 87i 4', 

6 
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the place of the ascending node was m 5“ 1 6° 40' From the two 1 ist obsei va- 
lons It appeals that the node is letiogiade Now the inteival of these two ob- 
sei vations was 531 0^ 16 ' 48", duiing which time the nodes moved retiograde 

tlnough 26 49, which gives the diuinal motion 3' 2' If wc compaie the 

irst and last observations, they give the daily motion 3' lo" 

331 But to deteimme the mean motion of the nodes with gieatei accuiacy 
we must compaie togethei moie distant obseivations Ptoli my, m his Alma 
gest, mentions thiee lunai eclipses, that weie obsei ved at Babylon b\ the Chal- 
deans The fiist was total on Maich 19, 720 yeais befoie J C the beginning 
was at 77/ 30 m the evening, and the middle was at 9/i 30' The second was 

on Maich 8 , 719 yeais bofoic J C the middle of which happened at midnight, 
and the gieatest quantity eclipsed was 3 digits towaids the south The thud 

T '719 yeais befoie J C the middle of which was at 

7. ^ the evening, and the moon was eclipsed a veiy little moie than one 

alt towaids the north Now it being unceitam whethei the fust eclipse was 
cential, M Cassini takes the second, and the difeience of the mciidians of 
^abyion and Pans being 2/i 42, it gives the middle of the eclipse at Pans Qh 
8 in the evening And, by computation (329), we find the centei of the 
eaiths shadow to be 8° 24' 50" horn the »ode The middle of the third 
eclipse happened at Pans it 5/i 48', and M Cassini takes the digits eclipsed 
to be 6,-, and comimtes (329) the distance of the centei ol the shadow horn the 

Xiih I"" ^ c obseivations, 

thei the latitude of the moon was ascending oi descending, and theiefoie 

r. 'Ini-T happened To detei mine this, take 

a echp^ on March 19, the middle of winch was at 9/t 30' at Babylon 

01° Pans, at which time the sun’s place, by computation, was It’ 

wl 27, thciefoic the moon’s place, was 5’ 21° 27' Between this time and 
le eclipse on Septembei ], theie was vciy ncaily 18 months, in which tunc 
the nodes had moved letiograde about 29°, which subti ictcd fiom llie place of 
the moon m the obsei vation on Maich 19, which we suppose to be nearly the 
same as that of its node.^as the eclipse was total, gives the place of the node on 
S pteinbei l, in 4 23°, and the opposite node in lo’ 23° Now the tiue 
place of the sun at the middle of this eclipse was 5’ i° 7', and consequently 

about 8 l>efore the place of the node, and the moon being eclipsed on the noith 
side, this must have been the descending node Hence, if wc subti act 8° 1 5' 
the distancc^of the node fiom the centei of the shadow on Septembei 1, 71 9’ 

i ^ ^ of center of the shadow, wc shill have 10’ 22° 

.2 foi the place of the descending node on Septembei 1, 719 ycais befoie J C 
consequently the tiue place of the iscending node was 4’ 22° 52' Now the 
p ace of the ascending node on Septembei 9, 1718, at 87/ 4' of the evening, 
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was 5* 16° 40', and as tlie motion of the nodes is letiogiade, the node in this 
lattei caso wants 23° 48' ol being up to the place of the node in the foiraei 
case, consequently in this mteival of time, which is 2437 yeais (of which 608 
were bissextiles) I2d 2/i 16, the nodes made a ceilain numbei of i evolutions 
and 336° 12' ovei Now Ait 330 giies 3' 10" foi the mean diuinal motion 
of the nodes, and consequently in the above time, die nodes must have made 
131 complete levolutions, if theiefoie we divide 2437^ 19d 2A 16' by I3i 
levolutions 336° 12', it gives 6798d 7A foi the time of a mean i evolution of 
the nodes, hence, if we divide 679 7 A by 865d it gives 19° 19' 45" foi the 
mean motion of the nodes in a common yeai of 365 days, and if we divide 19° 
19' 45" by 365, it gives S' 10' 38"' foi the mean daily motion of the nodes 
This diffeis only 38'"fiom the motion deteimined fiom the obseivitions in 1707 
and 1718 "I he motion of the nodes is not luiifoira, ceitain equations tlieie 
foie aic nocessaiy to be apphed to the mem place in oidei to get tlie tiue place 
at any tunc Mayer in his Tables mikes the mean annual motioii 19° 19' 
43",1 

If we examine the motion of the nodes horn the echpses on Maieh 8, and 
Septcmbci 1, 719 yeais befoic J C it gives 3' 10" 20"' foi then mean duly 
motion We have no leason therefoie to think, tliat tlie mean motion of the 
nodes subject to any change 


On tils Inchnalion qf tlie Orbtl oj the Moon to the EcUpltc 

332 To detoimine the inehiution of the oibit, obstive the moon’s light 
iseonsion and dechuitiou when it is 90° horn its nodes, and thenee compute 
its latitude (124), which will be tlie inchnation at th it tune llepeat the ob 
soivaUon foi eveiy distance of the sun fiom the caith, and foi eveiy position 
of the sun and moon in lespect to the moon’s nodes, and you will git the in 
clination at those times I^iom these obseivations it ippeais, that the inch 
nation of the oibit to the ecliptic is vaiiihlo, and that the lead inclination 
IS ibout 5°, which is found to happen when the nodes ue in quadiatmes, 
and the grealed is about 5° fs', wlueh is obseived to happen when the nodes 
aie lu sy/yqios The incluution is found also to depend upon tin sun’s dis 
4nee fiom tlie eaith 


On die Mean Motion qf the Moon 

333 The mean motion of tlie moon is found fiom obseiving its place at two 
diffeient times, and you get the mean motion in that inteival, supposing the 
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ToT ^ “» »t each Obseiva. 

plac., ata amau ^tu. 7 frTea^“^ t T“’’ 

n^ythe mem tune of a levoluhon, and then at a gi eater mterval in radrato 

srh:rJsiredho^rx:e^'“»-^ 

.^rn L"ect;rz’ 

when the sun*s true place was .5* ifi® An' t'i i 

echpse, the midae of which was obseiyed at 8i S on “ 1 ^ 39 ™* ^wh* 
ae ann-a place waa 5- 47' In tiia inteival of 3d4i T the moon 

12 levolntiona and S49" 7' over, divide therefore 3d4d 38' by la^Zlu”^ 
^ 7 . and It give. 37d 7d 6' for the tone of one revolution ^7^ 
^ “"P”® '“^P^ »* e etentet interval 
835 On Ifeh 36, 1717, the anddle of a Innai echpae was observed at 15* 

16 a Patia,v1ien the sun’s place waa O’ S’ 31' Aid on Harris ,rm 
an cc pse was obseived, the middle of which was at •Jk 23' at which timp +Ti * 

bi«aldes“ll? 7*' ,T t^ mMn*b T''*‘ (of which 4 were 

was ad^ced lo- 51' Thi. ir^ll Td" ' Zd^ M^rt? 

This wJ] fip fill I /a VI 4.1 ^ tune of one tevoluizon 

386 The moon mJ dtaSl ** n' ** 1 **“ Mhpws 

1717, the middle of whcTX « ^ e^psed on September 30, 

tow e^pse of foe moon 'wastbatfd a^^ta “ 

« 4 '^ 8 '!rp“^' '■>PP«^^ « ^foat piaJe X“ 

PVM 6* 48 at Pans The mterval of these times was 3437 veL 

M9 weie bissevtUea) 174 days wantmg 46, divide this by 27d 7* 43' 6 

it gives 32585 1 evolutions and a httle above ^ Now the diffeion p au 

^e m.n had made r, 

43 5 for the mean time of a revolution This determination*^ very eiiart 
« foe moon was it each time very nearly at foe same distance from its amid!’ 

Hence, the mean ffewmi/ motion IS 13® lo' 35" and the moori 17^^ 

32' 56" 27'"+ M de la T avtit. «, V t-u ’ fiourli/ motion 

85" 02784394 Th,« “^es the mean dtumal motion is® 10' 

eqmnoxes The place theTon auTe 

the same as that of foe sun, which is not ic™afo?^^*'ra‘r 

B b 
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tial eclipse , it is sufficiently accuiate, howevei, foi this long inteual Fioni 
the unequal angular motion of the moon about the eaith, tiie hourly motion 
of the moon is subject to change fiom 29' 55" to S8' 22" , the excentiicity 
of the oibit pioduces a vaziation of s' S6" , the evection pioduces one of 
42", and the vaiiation pioduces one of 40" The collections foi all the incqua- 
hties of the moon’s motion will be found m the Tables of tlie moon 

SSY Hence, to find the mean mouon for any other time, say, the inteival 
between the eclipses 2437y Vl4id wanting 46' any othei time S2585 levo- 
lutions 6’ 6® 12' the mean motion in that time This is moie exact than 
taking the mean diurnal motion IS" 10' 35" and multiplying it by the time, 
as small errors aie thus multiplied and become considciable M de Lambiif 
makes the seculai motion to be 10* 7“ 53' 12", which M de la Landl uses 
in his Tables Mayer in his Tables makes it 10* T 53' 35" In tins motion 
of 100 yeais, 25 aie supposed to be bissextiles 
338 As tlie pieccssion of tlie equinoxes is 50", 25 in a yen, oi about 4" in a 
month, the mean revolution of the moon m icspect to tlie fixed stais must bo 
greater than that in respect to the equinox by the time the moon is, dosciibing 
4" witli its mean motion, which is about 7' Hence, the time of a sidoical 
revolution of the moon is 27 d 7^ 43' 12 " 

_ 339 M de la Lande has determined the 1 evolution in icspect to the equi 
noxes to be 27d 7/i 43' 4",679S, which does not difiei !•" from the above, 
and hence he makes the sidereal 1 evolution 27d nh 43' li",5259 llenco, 
the mean ^uodic revolution (324) is 29</ 12/1 44' 2", 8283 If we take unity 
to repiesent the mean motion of tlie moon in lespect to the fixed stall, 
then will 0,004021853526 lepicsent the motion of the node, found by 
compaiing then mein motions , hence, as tlie nodes move letiogiade, tlie side 
real revolution of the moon, 27c? 7A 43' ll",5259, its 1 evolution in lespect 
to its nodes 1,004021853526 l, the moon approaching the node with tlic 
sum of the velocities , hence, the levolution of the moon in lespcct to die 
nodes is 27c? 5A 5' 85",603 This is the dctcimination of the mean icvolu- 
tions to the begmning of this centuiy 


To determine (fie Place of tlie Moonfs Apogee^ and the Equation of its Orhit 

940. Compaie the obseivcd place of the moon at any time with the place 
observed at any time aflciwaids, take the mean motion concsponding to 
the mteival of time, and add it to the moon’s place at the fiist obseivation, 
and the difference between that sum and the moon’s place at the second obser- 
vation shows the effect of the equation of the orbit between tliese two situations 
of the moon Repeat this foi a great many inteivals, and maik those wheio 
the difiereuce between the sum befoie mentioned and the moon’s tiue place 13 
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gieatest both in excess and defect If the greatest excess and defect be 
equal, it is a pioof that at the time of the fiist obseivation, the moon was 
in Its apogee oi peiigee, and that its tiue and mean places weie the same In 
ns case each of these differences is the gieatest equation of the moon’s orbit 
the gieatest excess and defect be not equal, half the sum will measuie the 

fhe Tu'f equation we subtract the least of 

be diffeiences, we shall have the equation of the moon at the time of the first 
observation M Cassini uses the place of the moon as detei mined from its 
eclipses, selecting those which were pioper for this purpose, and although 
the apogee has moved in the interval, yet, as the true and mean place of the 

moon a ways coincide at the apogee, it will not affect the conclusion JEkm 
d’Astron pag 297 

341 Hence, to find the place of the apogee, let AMPV be the orbit of the 
moon, ^ the apogee, Pthe perigee, Cthe center of the orbit, Ttbe eaith 
in the focus, F the other focus, M the place of the moon at the time of the 
first obseivation, pioduce TM to B, take MR=MF, and join RF Fiom 
the greatest equation find (231) the latio of to CT , this being koown, we 

rlU f obseivation, upon the simph elliptic hypothesis 

(227), hence, we know AFR, fiom which subtract FRT, and weget^TiH 
the moon’s distance fiom Its apogee ® 

342 Let the fiist eclipse, with which the others aie to be compaied be a 

total one, the middle of which happened at Pans on DecemberTo! ils^! at 
IQh 38 10 mean time The tiue place of the sun at that time, by cal- 

cu atmn, was 8 19° 40', and consequently the moon’s place was 2 * 19° 40 ' 

w!! 19^ o”® 16, 1696, the middle of which 

was 12/1 7 56 mean tune at Pans, and the moon’s place was 7’ 26° 53' ss" 

Now in thisinteival of 10 jeais (of which 3 weie bissextiles) I57d ih 29' 46" 

the mean motion of the moon, omitting the complete levolutions, was 5’ 12°’ 

33 10 foi the mean place at the second eclipse, the diffeience between which 

and the tiue place r 26° 53' 35" is 5° 39' 35" The next eclipse compaied with 

the fiist was diat on Maich 15, 1699, the middle of which was at 7h 14' 
mean tunc at Pans, at which time the moon’s true place was 5’ 25° 28' 4i" 
^w m this inteival of 13 yeais (of which 3 were bissextiles) 94d 20h 35' 
50, the mean motion of the moon, omitting the revolutions, was 3’ 1° 24' 

47 , this added to 2’ 19° 40', the place at the fiist eclipse, gives 5’ 21° 4' 

t 2ro i" ZTI ? diffeience between which and 

11" 1 u 4° 23' 54" In the foimer case, the true 

place was less dian the mean place by 5’ 39°, 35', and in the latter case, the 

mean place is the least by 4° 23' 54" These aie the gieatest differenpes of 
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all the echpses between 1685, and 1720 Now the sum of these dideienceS 
IS 10® s'. 29", and the half sum is 5“ l' 44", 5 the greatest equation of the 
moon’s oibit deduced fiom tliese observations And if fiom 5“ l' 44", 5 
we take 4° 23' 54", the least difierence, we have 37' 50", 5 foi the equation 
of the moon at the time of the fiist echpse, and this taken fiom 2’ 19® 
40', the tiuo place of the moOn at that time, gives 2’ 19® 2' 10" foi the mean 
place of the moon on Decembei 10, 1685, at 10k 38' 10" mean time at 
Paris This tlieiefoie maybe considered as an epoch of the mean place of the 
moon 'This is the method used by M Cassini But the best method is, to 
observe accuiately the place of the moon for a whole revolution as often as it 
can be done, and by comparing the tine and mean motions, the greatest differ 
ence will be double the equation If two observations be found, where the 
difference of the true and mem motions is nothing, the moon must then have 
been m its apogoe and peiigcc Maytr makes the mean excentiicity 0,05503568, 
and corresjKmding greatest equation 6® 18' 3i",6 It is 6® 18' 32" in his 
last Tablfeh published by Mr Mason, undei the direction of Di Maske 

348 To determine the place of the apogee, fiom M Cassini’s obseivs 
tions^ we have the greatest equations; 5® l' 44", 5, therefore (231), 57® 17' 
48'*, 8 9® 30' 52", 25 .AlOsa 100000 Crci=4S88 foi the moon’s excentiicity, 
Also, TJF=8776 rjl=200000 sin TieP= 18' 55", 25 sin TFR, oi AFB, 

= 7® 12 *. 20 “, flrom which take yi2JF'= 18' 55", 25, and we have 53' 

25" the distance of the moon fiom its apogee , add this to 2* 19® 40', the true 
place of the moon, and it gives 2* 26° 33' 25" for the place of the apogoe on 
Decembei 10, 1685, at lO/i 38'. 10" mean time at Paii-s This therefore may 
be considered as an epoch of the place of the apogee 

344 If We oompare the same eclipse m 1685 with two others, one of which 
happened on July^i 1675, and the other Oh April 14, 1642, we shall get the 
equation of the orbit 5® 2', 14", diffenng only 37" fi’om the othei determination 
Also, the place of the apogee at the echpse in 1685, comes out 2’ 25® 57' 58", 
which 18 35' 27" less advanced than by the foimer case If the mhon’s place be 
determined by observation at imy time when it is not eclipsed, the same method 
may be applied 

845 It has been heie supposed, that at the time of the echpses the moon 
was at its mean distance, and of the gi eat number of obseivafions which were 
cCMiparedin order to get die greatest difference of the true and mean places, 
it IS supposed that those which gave the greatest differences were so circum 
staheed Also, no other mequalities have been supposed, but those which arose 
ftom the excentricity of the moon’s orbit The way therefore to get at the 
greatest accuracy is to medee a grcttt; nnfnber of such compaiisons, and tak^ the 
mean. 
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S46 The place of the moon’s apogee may also be thus found Take a gieat 
many measures of the moon’s diameter, when at, oi very neai, the fuU, with a 
miciometei, and i educe them to the measme at the same altitude, and note the 
times of observation , seek out amongst them, those which aie the gieatest oi 
the least, and you have the time when the moon was in its peiigee oi apogee 
Or if you find two diameteis equal to each othei, very neai together, the moon 
must have been in its apogee oi peiigee in the middle point of time Now 
at the apogee, the diffeience between the tiue and mean motion of the moon 
foi eveiy degiee is about 5' , and at the peiigee, about 5 ' SO " Hence, the 
places of the moon being known at the time when the two diameteis weie found 
equal, and the mean motion between the times being known, the mean motion 
fiom one of the times to the middle point of tune between will be known , 
theiefoie, as the diffeience of the true and mean motions is known, the tine mo- 
tion IS known from one of the times to the half inteival of time, and con- 
sequently Idle tiue place of the moon at the half interval, or place of the apogee 
01 peiigee, will be known But on account of the gieat difficulty of measuiing 
accuiately the diametei of the moon, this method cannot be depended upon to 
a gieat degiee of accuiacy It was fi om obseiving the diametei of the moon, 
that Horrox found the motion of the apogee was sometimes in antecedentia, 
and sometimes in conscquentia , and that the excentricity of the orbit must be 
vaiiable, in oidci to account foi' the second equation (349) obseived by Ptoi emy. 
By this method, M Cassini found, fiom the eclipse on Decembei 10, 1685, at 
lOh 38 ' 10" appaient time at Paris, the place of the apogee to be 2® 25° 4i', 
30 From the mean of a gieat number of obseivations, he deteiminedj at the 
above time, the place of the apogee to be 2 ‘ 24°, 82', and the greatest equahon 
4 58 44 But the excentncity, and consequently the greatest' equation, is 
subject to a vaiiatioh , and the excentricity here deteimined is about the least 
Accoiding to Mayer, the mean excentncity is 0,05503568, and the coi respond- 
ing gieatest equation 6° 18' 31", 6 


To ckiermine the mean Motion of the Apogee 

347 Find its place at diffeient times, and compaie the difihicnce of the 
places with the mteival of the time between. To do this, we must first compaic 
obseivations at a small distance fiom each othei, lest we should be de- 
ceived in a whole revolution , and then we can compaie those at a gieatci dis- 
tance Now we may eithei compute (343) the place of tlie apogee at seveial 
times, or we may find it fiom knowing the place once, according to the follow- 
ing method, given by M Cassini in his Astronomy, page 307, The place of 
the apside has been deteimined for Dec 10, 1685^ and to find fiom thence its 
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place at any othei time, obseive the tiue place of tlie moon at that tune, and 
find the mean motion conesponding to that inteival, and add it to, oi suhtiact 
It fiom, the place of the apogee on Decembci lo, 1685, accoiding as the time 
was aftei or befoie that, and you have the mean place of the moon at that time 
the diffeience between which and the tine place obseived, is the equation of 
the oibit at tliat time, if the mean place be foiwaidei than the tine, the moon 
IS in the fiist six signs , if backwaidei, in the last six But the same equation 
may answer to two different mean anomalies , this theiefore leaves an uncer- 
tainty in lespect to the place of the apogee Now from the mean place of the 
moon subtract each mean anomaly, and it gives the place of tlie apogee cones 
pondmg to each , consequently you get the motion of the apogee conesponding 
to each place thus found , and to deteimine which is the tiue motion, repeat 
the operation fbi some other time compared with the place of the apogee on 
December 10, 1685, and you will get the motion conesponding to two places 
again Then compare these two motions with the other two, and those two 
which agree, must be the true motion 

348 By ^us comparing the place of the apogee on Decembci 21, 1684, at 
lOk 55' 58" apparent time, with the place determined on Dec 10, 1685,*M 
Cassini found the time of a revolution of the apsides to be cithci 8 yeais and 
nearly 9 months, oi about s years And by comparing the place of the apo 
gee on Nov 29, 1686, at lift 7' 18" appaaent time, with the place on Decern 
bei 10, 1685, he found that the motion of the apsides, deduced fiom tlience, 
came out, one between eight and mne years, but tint the other motion did not 
agree with either of the former The time of a i evolution theicfoio must be 
about 8 years 9 months The time being Urns nearly determined, he computed 
me motion fiom more distant observations, and fiom a mean of the whole, he 
found the time of a revolution of the apsides to be 8 common years. Slid sA 

motion is !• 10° 39' 52", and daily motion 6' 41" 

I , Mavee in his Tables makes the annual motion 1' 10° 39' 5o" 'This is 
the mean motion in respect to the equinoxes M de la Lande makes the daily 
motion in respect to the eqmnoxes, 6' 4l",0698l5 Hence he deduces the 
daily motion in respect to the fixed stais to be 6' 40",932238 If we take umty 
to represent the mean motion of the moon in respect to the fixed stars, then 
tlie motion of its apogee be lepresented by 0,00845226445, found by com- 
^ring their mean motions , hence, as the motion of the apogee is direct, the 
Bidereal revolution of the moon, 27d 7h 43' ll",4947, its revolution in re 
spect to its apogee l — 0,00845226445 l, the moon approaching the apogee 
with the difference of the veloaties , hence, the revolution of the moon in re- 
spect to its apogee is 27d 18^ 18' SS",95 'The motion of the apogee is not 
unifoi^m, as is i®aphed in this ^hod of detei mining its mean motion, and 
therefore it will be subject to a smatt error, unless the equation should be the 
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same at both obseivations, this enor may be collected, by reducing the true 
to ihe mean place at each observation Horrox fiom observing the diameters 
ot the moon, found the apogee subject to an annual equation of 12°,5 Havine 
thus explained the metliods of deteimimng the moon’s mean motions, situation 
of Its apogee, and the equation of its oibit, oi fiist inequahty, we pioceed to 
show how that, and some of the othei pimcipal inequalities were discoveied 
349 The motion of the moon having been examined foi one monlli it 
was immediately discoveied, that it was subject to an iiregularity, which 
sometimes amounted to 5° oi 6% but that this nreguhiity disappeaied 
about eveiy 14 days And by contanmng the observations foi diffeient 
months, it also appealed, that the points wheie the inequcdities weie the 
greatest, weie not fixed, but that they moved forwards in the Heavens about 
3 m a month, so that the motion of the moon in respect to its apogee was 
about Tiv less than its absolute motion , thus it appeared that the apogee had a 
progiessive motion Ptolemy determined this inequality, oi equation of 
toe orbit, fiom toiee lunai eclipses observed in the yeais 719 and 720, before 
J C at Babylon by the Chaldeans , from which he found it amounted to 5° i' 
when at its greatest But he soon discovered that this inequahty would not no 
count foi all the iiiegulaiities of the moon The distance of toe moon firom” 
the sun obseived both by Hipparchus and himself, sometimes agieed with this 
inequahty and sometimes it did not He found that when the apsides of toe 
moon s orbit weie in quadratures, tors first inequality would give toe moon’s 
place very well, but that when the apsides were in syzygies, he discovered toat 
there was a toithei inequality of about 2% which made toe whole inequahty 
about 7 1- This second inequality is called toe Meetton, and arises from a 
change of excenfiicity of toe moon’s orbit The inequahty of toe moon was 
toeiefoie found, by Ptolemy to vary from about 5° to 7»J, and hence toe 
mean quantity was 6° 20' Mayer makes it 6“ 18' 31",6 It is veiv extrao 
diniiy, that Ptolemy should ha\c detei mined this to so great a degree of accu- 
racy Ihis mean quinUty is the greatest equation of the mbit for the mean 
cxcentiicity, and is called ike first equation The Evection, oi vaiiation of to^ 

equation of toe oibit fiom the fnean equation, is at its maximum 1° 20' 28* 9 
according to Mayer Hence, when the apsides are in syzygies, at which time 
toe excentiicity is foundtobe the greatest, the greatest Equation is 7° 39 
0 ,5, and when toe apsides are in quadratures, at which time the excentiicity 
IS found to be the least, it is only 4° 58' 2",7 D’Arzachel, an Arab, who 
observed in Spam about toe year 1080, fiom comparing the obscivations of 
Ptolemy and those of D’Albategnics with his own, discovered toat the an- 
sides were sometimes progressive and sometimes legressive, and toat toe S 
centiicity was subject to a change Kepler bcheved this to be toe case Hor- 
Eox discoveied the same fiom hrs own observations , he found that when toe 
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distance of the sun fiom the apogee of the moon was about 45° and 225°, the 
apogee was moie advanced by 25° than when the distance was about 135° and 
315°, in such a mannei that the mean motion was not umform, but subject 
from thence to an equation of about 12°,5 He fiist made the moon i evolve in 
an ellipse about the eaitli in its focus, and although some difficulties aiosefiom 
this supposition, yet, he says, he dmst not give up the hypothesis 
jijo 350 Tycho explained these iiiegulanties thus Let the eaith be at T the 
76 centei of the circle sqxgt whose radius is 100000 , Tr, the semidiametei of the 

cucle 3%#,= 21741 the ciicle of excentncity, in whose ciicumfeience tlieceu 
tei of excentncity is supposed to move in consequentia Tdc, with a motion 
equal to double the distance of the moon fiom the sun , so the ladius of the 
ciicle acbo=:5800 , and ow, the radius of ?wmw, = 2900 Lot 6g'=:90°, and 
let the moon move fiom its syzygies and apogee at s to quadratuies at q, and 
conceive in the same time the centei of excentncity to move from T tlnough 
d to e, with twice tlie angulai velocity of the moon fiom the sun Then, con 
sidenng r as the mean place of the ccntei, when the moon comes to q, the 
equation is the angle eqr-=.\° 15', which is to be subtracted in tlio fust quadra, 
tme at q^ and added in the third quadiature atg, this will produce an me 
quahty of 2° 30', and account foi the Eveetton But instead of supposing the 
moon to revolve in the circumference sqxgi let the center of the circle oacb re 
volve in consequentia, and the moon revolve in antecedentia in the ciicumfer 
ence obca^ and be at o when the moon is in its apogee, and to descend through 
b and amve at c when the moon comes to its peiigee , this will produce an in 
equably of 3° 19', which is pait of the equation of the centei Lastly, let us 
suppose tlie moon to i evolve in the ciicumfeience ssfvmwirt consequentia, whilst 
the center O moves When the ccntei is at o let the moon be at z, and when 
the center has moved to b oi a, let the moon be atw, this will pioduce an 
equation of 1° 40', which added to the last gives 4° 59' In this mannei Tt 
CHo represented the irregularities of the moon discoveied byBroiLMY, who 
explained the Evecltont by making the centei of excentncity dcsciibc a circle 
Tdet, and the eqyaUon of the center^ by one ciicle ohea Horrox explained 
MG the second inequahty thus Let E be tlie earth, C the mean place of the cen 
tei of the orbit, EBCA the corresponding line of the apsides, EG the mean ex 
centnaty of the oibit , and if we suppose the center of tlie orbit, instead of 
being at C, to describe the circle AJDJB, and take the angle ACD double the 
dutance of the apogee from the sun, then AED will represent the equation of 
the apogee, and ED the excentncity Sir I Newton followed the same hy 
pothesis 

351 But Tycho bemg able to determme more accurately, from his observa 
tions, the true place of the moon, found that the place, computed fiom the 
above pimciples, would not agree with obsei vations out of sy^ygies and quadia 
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tuiesi, paiticulaily m the octants, wheie the difFcience was the gieatest, and 
wheie he found it horn 37' to 40f nius Tycho discoveied a third luegulaiity, 
which he called the Vanaiton To explain this, he substituted anothei cncle 
and gave the centei of the cucle ohoa a hbiatoiy motion in the diametei m 
pe’pendiculai to TSy coriesponding to a motion in the circumfeience, which is 
double the distance of the moon fiom the sun Thus, with the center a and 
radius equal to the vuiation, desciibe the cucle lyn, take %= double the dis- 
tance of tlie moon fiom the sun, draw yp peipendiculai to in, and wheie it cuts 
in in s will be the place of the moon collected foi the Variation Foi the dif- 
feient methods by which die inequahUes of the moon’s motion have been lepio- 
sented, see Riccioli Almagei,tum Nomm Su I Nlwton makes this inequal 
4ty vaiy fiom 33' 14" to 87' 11", it depending upon the sun’s distance fiom the 
eaith Horrox makes it 36' 27" in his Tables Mater makes it 36' 59%8 
352 Tycho also discovered another, called the annual equation, because it 
depends upon the distance of the eartli fiom die sun, the vaiiation of which 
causes a vanation of the effect of the sun’s action upon the eai th and moon 
Cassini makes this equation 9' 44 Sii I Newion makes it 11' so" Tycho 
obseived, that die mean motion of the moon, in older to be umform, lequired 
an equation of days, diffeient fiom that which the motion of the sun gave ‘ but 
this did not agiee with the equation which wo now employ Kepler aho^ em- 
pbyed an equation foi this pmpose, which, he said, aiose eithei fiom the mo- 
tion of the moon, oi the equation of time Horrox, aftei employing the thice 
equations alieady mentioned, collected the appaient time at which he would 
calculate the tiue place of the moon by the equation of time, Rdditive in the 
fiist SIX signs, which at die mean distance went as fiu as 13' 24", which is the 
same as if he had added 7' 2i" to the mean longitude* at the s’ame time he 
neglected one pait of the tiue equation, which would have been 7' 42" sub- 
tiactive, in such a mannei that it would have added 4' 14" to the place of the 
moon, these two would have made the whole ll' 35", which agiecs with the 
annual equation Fl^mstead obseived, that this equation of time was not the 
equation belonging lo the solai system, neveitheless he gi anted that this equa- 
tion ought to be employed, which he says is pecuhai to the moon, it being af 
fccted by the eartli Afteiwaids Di Halley obseived that the moon moved’ 
fastest when the sun was in its vpogee, and he fixed this equation at about 13 ' 
Mull makes it ll' 8' ,8 

3 S3 It IS veiy easy to conceive how diis annual equation might be discoveicd, 
by obseivation By computing the moon’s place foi a gieat many times in the 
yeai, allowing foi the equation of the mbit, the evection and vaiiation, and 
compaiing it with the obseived place, it would appear that they agieed veiy 
well about the beginning of Januaiy and July, but that they diffeied cojWidci. 
ably at die beginmng of Apiil and Octobei This would point out an equation 
vox I c c 
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But besides til eae foui pimcipal equations, the only ones deduced soldy fioin 
obseivation, tlieie aie a gicat many otlieis ■w’hich aie smallei, which die found 
by theoiy and collected by obseuitioiis Thctheoiy of the moon must theie- 
foie be consulted by those, who would wish to have an intimate knowledge of the 
subject We shall afteiwaids give so much of it, as is consistent wtli the plan of 
this Woik 

354 Tycho found that the motion of tlie nodes and vaiiation of the in 
chnation of the oibit, weie subject to an iiiegulaiity, and might be lepiesentcd 

TIG by the motion of the pole of the oibit in a ciicle FCFG, whose i idius GD = 9' 

78 30", half the diffeience of the gieatcst and least inclinations, the centci D being 

5° 8' fiom tlie pole A of the ecliptic, tliat being tlie mean inchnation of tlio 
oibit, iccoidnig to Tycho, oi mein distance of the poles of the cchptic and 
moon’s oibii By moie accuiate obseivations, G'i>=8 48", and the mean 
inclination 8' 49" Let the pole of the Innai oibit move in tlie cucum 
feience GJE-'C, and be at 6r in sy/ygies iiicl ( in qnadiatuics, ind iti^’andifin 
octants, its motion bemg twice tlie tiue distance of the sun fiom the moon 
Then when the pole is at any point IJ, 2ZA is the inclination, and the ingle 
HAD the equation of the node, tlie angle ADH being double the distance 
of the moon fiom the sun At jPthis equation is the gictatest, and=l® 46', 
found fiom the tiiangle DFA Hence, Mater gave a method of finding the 
equation of latitude, of which the following is the investigation, given by M de 
la Landt in his Astionomy 

355 Let L be the moon 90° fiom the tiuc pole M of its oibit, D being the 

mean pole, (haw LEM, and DM peipendicidai to it , then as the ingle J)LM 
IS vciy small, we may suppose LDtzLM, and consequently EM=.LD~LE 
Now as DA is vciy small compaied witli DIj, LL ind LD wall be vciy nearly 
cucles of laftitude, and therefoie then chffeience EM, will be the equation of 
latitude, bding the difference of the (hstaiiec's of the moon horn the tiue and 
mean pole. Diaw DB peipendiculai to AD, mil it must pass thiough the 
nodes, theiefoie LDB is the moon’s distance fiom the node, oi the aigmnent of 
hititudc, and which is equal to ADM, MDB being tlic complement of each , 
also, ADE 18 twice the (hstance of the moon fiom the sun Now EM^ED x 
sin EDM—EDx.'iin ADE-^ADM , the tqtiakon oj Ihe mooji’slaU 

tude ts 8' 48" multiplied by ihe sine oj double Ihe distance oj ihe moon / 70 m the wn— • 
the argument oj latitude Tycho, and altci him Fethstlad, Hai i !• y, Ni wton, 
&c consideicd the equations of the nodes and inclination sepai ate 1) 
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Mements of the Theoiy of the Moon accoi ding to Ohsa mlton 


Secular motion foi 
100 yeaiSj of which Cassini 
25 aie bissextiles 
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Longitude of the 
Node foT 1 750 




^Kipler 
IIOPROK 
FjamsipAd 
' Haiti 7 
Cassini 
Maibr 
Mason 


0* 

10“ 

33' 

1/ 

0 

10 

15 

1 i 

9 

10 

14 

59 

9 

10 

13 

58 

9 

10 

IS 

7 

9 

10 

19 

b 

9 

10 

19 

59 


Mean Equation 
of the Oibit 


f Fr AMSPBAD 

Eon I 

J D’AtrMBrRa 
I ClAIRAOl 
[.Mai PR 


6“ 18' ir 
6 18 18 
6 18 4‘{ 
6 18 1 
6 lb 32 


2'mes qfthe B-eooluUtm qf the Moon^ of its jtpogee and Node, as detci mined 

M de la Lande 


Tropical i evolution 
Sidereal revolution 
Synodic revolution 
^omalistic revolution - 
Revolution in lespect to tlie node 
Tropical i evolution of the apogee 
Sideieal i evolution of tlic apogee 
Tiopical 1 evolution of the node 
Sideieal reiolution of the node 
Diurnal motion of the moon I 
in lespect to the equinox y 
Diurnal motion of the apogee 
Diurnal motion of the node 


* 

27“ 

7“ 

43' 

4", 6795 

* 

27 

7 

48 

11, 5259 


29 

12 

44 

2, 8288 

w 

27 

13 

18 

33, 9499 

m 

27 

5 

5 

35, 608 

8^ 

311 

8 

84 

57, 6177 

8 

312 

11 

11 

39, 4089 

18 

228 

4 

52 

52, 0296 

18 

223 

7 

13 

17, 744 


- 

18“ 

10' 

35",02784894 

• 

• 

0 

6 

41, 069815195 

- 

- 

0 

3 

10, 638608696 


The years here taken aie the common years of 365 diys 


According to Ptolemt, the mean annual motion of the moon is 4* 9® 22' 
46", and the diurnal motion 13“ 10' 34" 58'", the mean annual motion of the 
nodosin antecedentiais 19“ 20' 0" 58'", and the diuinal motion 3' 10" 4l'",25, 
die mean annual motion of the apogee is 40° 89' 35",75, and the diuinal mo- 
tion 6' 4l" 2'", 25 , and the time of a mean synodic i evolution is 29d 13/i 5' 
89" If the reader compaie these, -with oui present Tables, he will be 
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suipnsed at then accuracy, and if he considei also that Ptolemy discoveied 
the two fiist iiiegulaiities, the kmai motions 'will be found to have been known 
to a veiy considerable degree of accuracy, near 2000 yeais ago 


On the Acceleration of the Moon's Motion 

SS6 Di Halley, by coinpaung the ancient eclipses obseived at Babylon, 
widi those observed by Albategnius in the ninth centuiy, and with those oh- 
seived in his own time, discoveied the mean motion ol the moon to be accele- 
lated , and says, that he could have found out the quantity of acceleiation, if 
he had had the longitude of Bagdat, Alcxandiia and Aleppo , because in, or 
neai these places, the obseivations weie made, for it is necessaiyto know their 
longitudes, in order to lediice the tunes, to those undei the meudian in which 
the modem obseivations are made In the Phil Trans 1749, Mi Dunthorne 
has examined some ancient eclipses obseived undei known mendians, and de- 
termined what the acceleiation is The eclipses which he has chosen foi this 
purpose aie these 

857 An eclipse of the sun was obseived at Alexandiia, by Theon, m the 
yeai 364, on June 16, the beginning was in the afternoon at 3h 18', and the 
end at 3h 15' In thejeai 977, an eclipse of the sun was obseived, at Giand 
Cano, on Decembei 13 , tlie begmmag was at Sh 25', and the cud at lOh 45', 
appaient time, in the morning, and the digits eclipsed wcie 8 , also, the sun’s 
altitude at the beginning was 15’’ 43', and at the end 33°^ In the year 978, 
at the same place, the sun was observed to be eclipsed on June 8 , the begin- 
ning was at 2h 8l', and the end at 4A 50', appa/ e*i^J|^e, in the aAernoon 
Mr Dunthorne then computed the distance of tlie lAsW flora the sun in lon- 
gitude, at the beginning of each eclipse, fi om the above data , he also com- 
puted their distance at that time fiom the Tables of the sun’s and moon’s 
motion, and found that at the beginning of the fust eclipse, the Tables gave 
the dideience of the sun’s and moon’s places less than that deduced fiom the 
obseivation by 4' 16', in the second eclipse it was gieatci by 7' 36", and in 
the third, greatei by 8 45" the computed places at the two last eclipses being 
so much before the observed places, but at the fiist eclipse the computed place 
was so much behind The agreement of the two last shows, that the Tables 
repiesent the mean motion of the moon’s apogee very well foi above 700 years, 
the moon having been veiy neai its perigee at the time of one of those eclipses, 
and neai its apogee at the time of the othei Now Hirparciius mentions an 
eclipse observed at Babylon, which happened on December 22, in the year 
313 before T C when a small part of the moon was eclipsed on the north east, 
half an 1 oui before the end of the night, and the moon set eclipsed , 
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M Dunthornl, fiom Ins Tables, m-ikes the middle of itatQ/i 4'appuent 
time, and the dmation lA 37', Piollmt makes it ih so' neaily Hence, Oic 
beginmng, according to Mi UtJNiHoB.NL’s calculation, was about 87/ 15' nitei 
midnight But, accoiding to Ptollmy, the sun losc at 77/ 12', and as tlic 
moon had tlien south latitude, and was not quite come to the sun’s opposition, 
Its appal ent setting must have been a little soonci, tint is, abo-ve an houi be* 
foie the beginning of the eclipse, accoiding to Ins Tables, wlieieas the moon 
was s^eti ehbpsed some tbsie before its setting, winch proves tliat its tiuc place 
was then foiwaidef than the Tables make it, by 40' oi 50' In tlie }cu 201 
1^ ote J C on September 22, an eclipse was observed at Ale\andiia, when 
the mooh began to be eebpsed about half an houi befoie its rising, and ended 
about in the mOiinng Now by the Tsbles, the middle of the eclipse was 
at Vi 44 apparent tune, and the dm Uion, 57/ 4', which makes the beginning at 
67/ 12, 01 about 10 ' after tlie moon 1 osc, iiid consequently 40' aRu the lime 
^ obseivition, Wliicli makes tlic moon’s tine place loiwaidei than by the 
Tables, by idiout 20' In the yeai 721 beloie J C on Much 19, an eclipse 
was obseived at Babylon, the middle of which, by the Tables, wis at 107/ 26" 
apparent time, md the beginning was at 87/ 32', but the beginning, by obsei 
vation, was at 67/ 46', or 17/ 46' sooner Ilian by the Tables , thcieloic tlio 
moon s true place preceded its place by the Tables, by a little moie flian 50' 
Hence, aS the same Tables fO]picsont the moon’s pi ice in the ancient eclipses 
helmd its tine place, and in the two ecUpses observed m 977 'ind 978 before 
It, It follows that its mean motion 111 ancient times was slower, and in latter 
tahes qmckei than tlio Tables give, and thcicfoie it must have been aecclciated 
Theie must also have been i time when the 'lahlos would give tlic tnic phee 
And although the anment obsei vitions oi tlie times of the eclipses woio not vciy 
aceuiatc, y^t they were suflieicntly so to prove, beyond all doubt, that the 
moon’s motiotr is giehter at this tunc, tli'in it was at the tunes when the ancient 
ochpses were obseived 

358 As we have no data to determine diieclly what tins aeceleiation is, and 
at what point of time the moon’s place from the Tables would agicc with its 
tine place, we must make a supposition toi each, and then compute the euors 
of the Tables, and see how they agice With the above errois , and tli it aupposii. 
tion which, upon the whole, agiccs best, must give the acceleiation lihe most 
to be depended upon, and probably iieai the truth Now whatcvei bo the 
cause of this accelciation, it is veiy piobablc that it continues const mt, 01 vciy 
neatly so, and theiefoie the quantity of aceelciatiou will vary is the square of 
the toe Upon this pnnciple, il we suppose the Tables to give the true place 
of the moon at the year YOO, and the acceleration to be lO" for the first 106 
years fiom that time, ^ it wiU give results agreeing better witli the obsonations 
than any othei snppositidn. 'These results may be thus computed The quan- 
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tity ol acceleration at tiie beginning of the successive centmies fiom '700 to 
1700 wJl be. 10-, 40-, 90-, 160-. 250-, SOf, 490*. 640-, 810', XOOlf Now as 
^whole acceleiabon in these 10 centmies n, IDOO^, the mean acceleiation is 
0 m a yeai, and woujd be, in tile above lespective centmies. lOO'. 200 " 
300 ,400', 500', 600 ", YOO", 800", 900 ', 1000 ", subhact theie&ie to above’ 
actual acceleiatiom horn these mean ones which tile Tables give, and we have 
1' 30", S' 40". 8 ' 30', 4' 0",4' 10", 4' 0", 8 30", 8 40", l' ^ o' 0^0" 4 Se 
eiioi of the Tables at the beginning of eveiy centuiy £foin 100 to 1700 , show- 
ing how much tlie Tables give the place too foiwaid If we go downwaids 
nom YOO, the motion will be diminished at the same late of 10 ", 40 " 9p" &c 
wheieasom Tables give it mci easing af the pate of JOO", 
200 , 800 , &c theiefoie the eiiois of the Tahl^ m\l be the sumsrof these re- 
spechve quantities, oi l' 50", 4' 0", 6' 30", 9' 20", l?', 30 ", 16' 5o" 24' 

^28 SO". 33 2Cf. 38 SO-.^' if', 49'. 50". 58 ’ 8 , Z 

ms give the place too backwaid at tlie beginning of each centnjy fiom the 
year Yoo to YOO befoie J C Hence, the following Table 
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Ye irs 
befoi t 
Chnsl 

1 noi 
ot 

1 lliltS 

Yt us 
ilt( r 
C hiisi 

Lrror 

of 

1 abl( & 

Years 
ilt( 1 
Chnsl 

1* n or 
of 

I ibl(s 

■YOO 

600 

soo 

100 

if) :if 

4 * 

— 56' 6" 

— 49 50 

— 44 0 

-38 SO 
-38 20 

— 28 30 

-24 0 

« » » 

*1 * # 

0 

100 

200 

300 

400 

500 

600 

700 

800 

-19' 50" 
-16 Q 
-12 SO 
- 9 20 

- 6 30 
-40 

- 1 50 
0 0 

1 30 

900 

1000 

1100 

12QQ 

1300 

1400 

1500 

1600 

1700 

+ 2' 40'- 
+ 3 30 
+ 4 Oi 
+ 4, JOj 
+ 40 
+ 3 30 
+ 2 40 
+ 1 30 
0 0 


If wie oompaie tlie eirois of the Tables, m the echpses above lelated with 
the eiiors m this Txble, they will be lownd to diffci not more than might bt 
expectedfiom the unceiUinty of the times of the eclipses, and fixe dSfeient 
e lors which the Tables may be subject to at diffeient times These obseiva- 
tions thmefoic mike the seculai vauation 10", and to vaay as the squaie of the 

time M de la Landb, fiom the eclipses in 9YY and 9Y8, makes It 9 " 88 fi Tn 

Mavpu^s Tables it is 9', beginning fiom 1700 ^ ^ 

359 M de la Placb, m the Mem <fe I’Jtcad Jtqy des Seten for 1786 hau 
shown, that this acccleiation of the moon’s motion anses fiom the action the 

3 
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sun upon the moon, combined witli the VRiiation of the excentiicity of the 
caitU’g oibit The excentiicity of the eaith’s oibit ig, at piesent, dimimshmg, 
and thisaiiseafiom tlie action of tlic planets upon the eaith The majoi nxiv 
of the eaith’s oibit is not Uteied by this, but the excentiicity is The mean 
foice of the sun to dilate and contiact the oibit of the moon depends on the 
squaie of tlie excentiicity of the earth’s oibit By tlie diminution of the ex- 
centncity, the moon’s sIMMt motion is accelerated, and this is a ciicuinslancc 
which takes place at present When the excentiicity is come to its nmimum^ 
the acceleration of the mean motion will cease , aftei which the excentiicity 
will mciease and the moon’s mean motion will be letaided This thcicfoic 
causes a seculai equation of the moon’s mean motion, tlie ptiiod of which is 
veiylong If « be die numbei of ccntuiies fiom 1700, M de la Placl his 
computed die seculai equation to be + ll",lS5n' 4-0",4398?iS ihishowevei can- 
not be due whatevei be the value of n, because the accclciadon would then 
continually increase , but it may be extended back to the most ancient obser- 
vadons of the moon, and foi 1000 oi 1200 yeais to come, without vny sensible 
error M de Lambke, fiom compaung the modem obscivadons at about die 
distance of a centuiy, found that the seculai mean modon of die moon in the 
last Tables of Mayer was too great by 25" , and that the place of the moon, cal- 
culated by these Tables ought tobecoirectedby the quandty-25'n + 2",lS5w* 
+d' 04398 w* If the ancient observatvods of the moon be compared with dio 
placM calculated by Mayer’s Tables with this conection, the eirois will be 
compaiadvely very small, and no greater than what might aiise fioin tho iiuc- 
cuiacy of then obseivadons M de la Lande, in his Tables of the moon, h is 
thus collected Mayer’s Tables Hence, it appears, that the present accclcia- 
don of the moon is nothing more dian an cquadon, die period of which is very 
long , It will be accelerated and letaided by the same quantity, and thciofoie if 
the mean modon be taken for the whole dme of acccleiadon or lotaidation, it 
wdl be found never to vuy 

The mean modon of the nodes and apogee of the moon’s oibit is subject to a 
secular cquadon The secular equation of the nodes is — 2 ,784 n* 0 ,010995 
which being negative shows that it is to be applied contiaiy to their mean 
modon This secular equation is :{■ of the secular equadon of the mean idotion 
The seculai equadon of the apogee is 1 of the seculai equadon of the mean mo- 
tion, and IS theiefoie-l9",486»*-0",07697nS where the negative sign shows 
that it IS to be applied condaiy to its mean modon Hence, all the iiiegu- 
lanties of the moon are but so many equ idons, which return again in then re- 
gular order, and the same is shown to be true of the iiiegulanties of Jupiter 
9 Xi.di Saturn, also, as t|^e major axes of their oibits lemain undistuibed, it is 
manifest that the system can never be destroyed, all the niegularidcs being pe- 
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nodical, and confined to such small limits as to produce no inconvenience 
These aie circumstances which furnish gre^t mattei foi oui attention, the sta- 
bility of the system shows the powei and wisdom of the Framer 


On the Diameter of the Moon 

360 The diameter of the moon may be measured, at the time of its full, by 
a miciometei , oi it may be measured by the time of its passing ovei the verti- 
cal wire of a transit telescope , but this must be when the moon passes within an 
hour 01 two at the time of the foil, before the visible illumination is sensibly 
changed fiom a circle To find the diameter by the time of its passage over 
the meiidian, let d"=the horizontal diameter of the moon, c=ssec of its dech- 
nation, and jn=the length of a lunar day, or the time ifom the passage of the 
moon ovei the meridian on the day we calculate, to the passage over the men- 
dian the next day Then (108) cd" is the moon’s diameter in right ascension , 
hence, 360° cd' m the time (/) of passing the meridian, therefore, d'' = 

360° X — If we observe the time when the limb of the moon comes to the 

cm 

meiidian, we can find the time when the centei comes to it, by adding to, oi 
subti acting fiom the time when the first or second limb comes to the meiidian, 
hall the time of the passage of the moon ovei the meridian The time in which 
the semidiametei of the moon passes the meiidian, may be found by two Tables, 
in the Tables of the moon’s motion 

361 Albategnius made the diameter of the moon to vaiy from 29 ' so" 

to 35' 20", and hence the mean 32' 25" Copernicus found it fi:om 27' 34* 

to 35' 38", and theiefoie the mean 31' 36" Kepler made the mean dia- 
meter 31' 22" M de la Hire made it from 29' 30" to 33' 30" M 

Cassini made it from 29' 30" to 33' 38" M de la Lande, fiom his own 

observations, found the mean diameter to be 3i' 26", the extremes flora 
29' 22" when the moon is in apogee and conjunction, and 33' 31" when in 
perigee and opposition The mean diameter here taken is the arithmetic 
mean between the greatest and least diameters, the diametei at the mean dis- 
tance IS 31' 7" Hence, accoiding to the theory of Mayer, the horizontal 
diameter of the moon at any time is 31' 7"— l' 42", 3 cos anom + 5", 4 
COS 2 anom + 13", 7 cos 2 dist < fi-om o — 20",2 cos (2 dist « fiom o — 
anom <[ ) 

362 When the moon is at different altitudes above the horizon, it is at 
different distances fiom the spectator, and theiefoie there is a change of the 
apparent diameter. Let C be the centei of the earth, A the place of a spec- no 
tator on its surface, Z his zenith, M the moon, then sin CAM or ZAM 79 
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* 


CJlif X SID ZCM , , . , ^ 

Sin ZCM CM AM— — ZAM — ^ appaient diametei is in- 


versely as its distance, hence, the apparent diametei 


QC' 


sin ZAM 


being supposed constant Now in the hoiizon, consideicd 


as equal to unity , hence, 1 oi sin ZCM sin ZAM, oi cos 

true alt (a) cos apparent alt (J) tlie hoiizontal diametei the diametei 
at the apparent altitude (A) Hence, the hoiizontal diametei its incieasc 
cos a cos ^ — cos as2 sin ^a + -i-^xsin a— thciefore the incieasc 

of the senmhamcter=hor semidiam x sin j- a + j- x sin j a— j A ^ 


cos a 

this we may easily construct a Table of the increase of the semidiameter for 
any hoiizontal semidiameter, and tlien foi any othei hoiizontal seinidiametu, 
the increase will vary in proportion 

S6S Some Astionomeis have thought, that m finding the time of the tiansit 
of the moon ovci the meiidian, we ought to take the appaient diametei instead 
of that seen fiom tlie center of the caith But this, as M de la Lande has 
observed, must not be, ibi altliough the appaient diametei is inci eased by the 
m'oon being neaiei to the spcctatoi, yet the angular velocity about the point 
wheie the spcctatoi is situated is inci eased m the same latio, the angulir 
velocity about any point, and the apparent diametei, being inveiscly as the 
distance, and theiefoie the time of the transit is the same 


On ilie Phases qf the Moon 

S64, By Art 319 the greatest bieadth of the visible illuminated part of the 
moon’s surface vanes as the versed sine of the moon’s elongation from the sun, 
very nearly, and the ciicle terminating the light and dark pait being seen 
obhquely wiU appear an ellipse, hence the following delineation of the phases 
riG. Let E be the eaitli, S the sun, M tlie moon , describe the aide ahcd, lepie- 
80 senting that heimspheie of the moon which is towards the earth piojected upon 

a plane, ac, db two diameters perpendicular to each other, take dvzzthe 
versed sine of elongation SEM, and describe the ellipse aoc, and (813, 319) 
adeoa wiU represent tlie visible enlightened part , which will be homed between 
conjunction and quadiatmes, bisected at quadratures, and gibbous between 
quadratures and opposition, tlie versed sine being less than radius in the first 
case, equal to it in the second, and greatei in the thud The visible enhghtened 
part vaiying as dn, we have, the 'otstble enlightened par t lehole versed sine 
qf elongahm diameter 
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On the Libration of the Moon 


365 Many Astionomeis have given maps of the face of the moon , but the 
most celebrated are those of Hevelius in his Selenographta, in which, he has 
repiesented the appearance of the moon in its diiferent states fiom the new to 
the fill], and from the full to the new , these figures Mayee prefers Figure 81 
represents the face of the moon in its mean state of libration, as shown by the 
best telescopes Langrenus and Ricciolus denoted the spots upon the surface 
by the names of philosophers, mathematicians, and other celebrated men, 
giving the names of the most celebrated characters to the largest spots, 
Hevelius inaiked them with the geographical names of places upon the earth 
The former distinction is now geneially followed, and is that which we have 
here given The numbeis in the figuie represcait, nearly, the order in which 
the spots aie eclipsed, going from the east to the west 


1 

Giimaldus 

25 

2 

Galileus 

26 

3 

Aiistaichus 

27 

4 

Kepleius 

28 

5 

Gassendus 

29 

6 

Schikardus 

SO 

7 

Haipalus 

31 

8 

Heraclides 

32 

9 

Lansbeigius 

S3 

10 

Reinoldus 

34 

11 

Copernicus 

35 

12 

Helicon 

36 

13 

Capuanus 

37 

14 

Buliialdus 

38 

15 

Eidtosthenes 

39 

16 

Tiraocharis 

40 

17 

Plato 

A 

18 

Aichimedes 

B 

19 

In'sulasmiJS Medii 

C 

20 

Pitatus 

D 

21 

Tycho 

E 

22 

Eudoxus 

F 

23 

Aristo teles 

G 

24 

Manilius 

H 


Menelaus 

Hermes 

Possidomus 

Dionysius 

Plinius 

Theophilus 

Fracastorius 

Promontorium Acutum, Censormus 
Messala 

Promontonum Somnu 

Proclus 

Cleomedes 

Snellius 

Petavius 

Langrenus 

Taruntius 

Mare Humorum 

Mare Nubium 

Mare Imbrium 

Mare Nectaris 

Mare Tranquillitatis 

Mare Serenitatis 

Mare Faecunditatis 

Mare Crisium 


FIG. 

81 
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The spots upon the moon aie caused by the mountains and vallies upon iti 
surface, foi ceitaan paits are found to pioject shadows opposite to the sun, and 
when the sun becomes vertical to any of them, they aie obseived to have no 
shadow, these theiefoic aic mountains, othei paits aie ilways daik on that 
side next the sun, and illuminated on the opposite side, these theiefoie aie 
cavitiesr Hence, the appeal incc of tlie face of the moon continually vanes, 
fiom its altering its wtuation in lespect to the sun The tops of tlie moun- 
tains, on the daik pait of the moon, aie fiequendy seen enhghtencd at a dis- 
tance Aioai the confines of the illuminated pait The daiL paits have, by some, 
been thought to be seas , and by othei s, to be only a gieat numbei of caverns 
and pits, the daik sides of wluch, next to the sun, would cause those places 
to appear daikei than othei s The gieat iiiegulaiity of the line bounding tlie 
hght and daik pait, on eveiy pait of the sui:fiice, pioves that there can be no 
veiy laige tiacts of watei, as such a legulai suiface would necessaiily pioduce 
a line, terminating the bright pait, peifectly hee fiom all iiiegulaiity If 
there was much water upon its surface, and an atmosphere, as conjectured 
(377) by some Astionomers, the clouds and vapojiis might easily be discoveied 
by the telescopes which we have now in use , but no such phaenomena have 
ever been obseived 

366 Very nearly the same i&cc of the moon is always turned towards the 
earth, it being subject only to a small change within certain limits, those spots 
which he neai the edge appeaanng and disappearing by turns , this is called its 
Libratioiif and airses fiom foui causes 1 Galileo, who hist observed the 
spots of the moon after the invention of telescopes, discovered this ciicuin 
stance, he puccived a small daily vaiiition aiising from the motion of the 
spectatoi about the centci of the earth, which, fiom the using to the setting of 
the moon, would cause a httle of the western limb of the moon to disappear, 
and bnng into view a little of the eastern limb , this is called the diurnal hbia- 
tion 2 He obseived likewise, that the noith and south poles of the moon 
appeared and disappeared by turns, this arises from the vxis of the moon not 
being peipendiculai to the plane of its orbit, and is called a hbiation in 
laMide 3 From the unequal angulai motion of the moon about the eaiUi, and 
the umforra motion of the moon about its axis, a httle of the eastern and 
western parts must gradually appeal and disappear by turns, the penod of 
which IS a month, and this is called a libiation in longitude ; the cause of 
this hbiation was fiist assigned by Ricciolus, hut he aftei wards gave it up, as 
he made many obfieivalions which tins supposition would not satisfy Hevelius 
however found that it would solve all the phaenomena of this libration 4 
Anothei cause of libiatiw arises fiom. the attraction of the eaith upon the 
moon, in consequence of its spheroidical figure 

367 If the angular velocity of the moon about its axis weie equal to its 
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angular motion about the eaith, the hbration in longitude would not take place. 

For if M be the eaith, abed the moon at v and w, and avc be perpendicular to fig 
Ebvd, then abc is that hemispheie of the moon at v next to the eaith When 82 
the moon comes to w, if it did not i evolve about its axis, hwd would be paaallel 
to bod, and the sam^ face would not be towaids the eaith But if the moon, 
by revolving about its axis in the diiection abed, had bi ought b into the line 
E*w, the same face would have been towaids the eaith, and the moon would 
have revolved about its axis through the angle bwE, which is equal to the 
alternate angle wEc, the angle which the moon has desciibed about the earth 

S68 When the moon letuins to the same point of its oibit, the same face is 
obseived to be towards the eaith, andtheiefoie (367) the time of the revolution 
an its oibit is equal to the time about its axis But in the inteimediate points 
it varies, sometimes a little moie to the east, and sometimes to the west, 
becomes visible , and this anses fiom its angular motion about the eaith being 
not unifoim, whilst the angular motion about its axis is so Hence, the 
hbration in longitude is nearly equal to the equation of the orbit, oi about 7°^ at 
its maximum, and would be accurately so, if the axis of the moon were perpen- 
dicular to its oibit The same face will be towards the eaith in apogee and 
peiigee, for at those points there is no equation of the oibit If E be the fi® 

earth, M the moon, pq its axis, not perpendicular to the plane of the orbit 83 

ab, then at a the pole p will be visible to the eaith, ind at b the pole q will be 
visible , as the moon therefoie revolves about the earth, the poles must appear 
and disappear by turns, causing the libiation in latitude This is exactly similar 
to the cause of the vaiiety of our seasons, from the earth’s axis not being per- 
pendicular to the plane of its orbit Hence, nearly one half of the moon is 
never visible at the earth Also, the time of its rotation about its axis being 
a month, the length of the lunar days and nights wdl be about a fortnight each, 
they being subject but to a very small change, on account of the axis of the ' 
moon being nearly perpendicular to the ecliptic Her hbration in latitude if 
about 10° 

369 IIevelius {SelenograpJiia, pag 245 ) obseived, that when the moon 
was at its greatest north latitude, the hbration in latitude was the greatest, the 
spots which are situated near to the northern limh being then nearest to it, and 
as the moon departed fiom thence, the spots receded from that hmb, and when 
the moon came to its greatest south latitude, the spots situated neai the 
southern hmb were then nearest to it This vanation hefbund to be about 
l' 45", the diameter of the moon being SO' Hence it follows, that when 
the moon is at its gieatest latitude, a plane drawn through the earth and 
moon perpendicular to the plane of the moon’s orbit, passes through ^the axis 
of the moon , consequently the equator of the moon must intersect the ecliptic 
in a line parallel to the line of the nodes of the moon’s oibit, and therefore, in 

8 
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the Heavens, the nodes of the moon’s orbit and of its equatoi coincide , and 
this will be further confirmed, when we treat on the situation of the moon’s 
equatoi and axis 

870 It IS a very extiaordinary cucumstance, that the time of the moon’s le- 
volution about its axis should be equal to that in its oibit Sii I Newton, fiom 
the altitude of the tides on the earth, has computed that the altitude of the tides 
on the moon’s surface must be 93 feet, and therefore the diametei of the moon 
p^pendiculai to a line drawn from the eaith to the moon, ought to be loss tlian 
the diameter directed to the earth, by 186 feetj hence, says he, the same face 
must always be towards the earth, except a small oscillation , foi if the longest 
diametei should get a httle out of that diiection, it would be brought into it 
again, by the atti action of the earth The supposition of D de Mairan is, that 
that hemispheie of the moon next the eaith is moie dense than the opposite 
one, and hence tlie same face would be kept towaids tlie caith, upon the same 
pnnciple as above M de la Grange, in tlie Mm deVAcad des Seten 1780, 
has examined this subject veiy fully, and shown, that fiom the attiaction of tlie 
earth, that diameter of the moon’s equator which is diiected towaids the earth, 
will be lengthened four times mote than that which is perpendicular to it If h 
be the semidiainctei of the moon in paits of its mem distance from the eaith, m 
the quantity of mattei in the moon expiessed in paits of that of the eaith, he 

has 9hown that the increase of the semidiametcis wiU be and — \ the ladius 

m 4m 

being unity 

371 Sill Newton pi oposes the following method of lepiesenting the h- 
biation of the moon in latitude and longitude Take a common globe, and 
elevate the pole to the zenith, so that the equator may coincide with the hori. 
zon, and let the echptic rcpiescnt the moon’s oibit Conceive the centei of 
this globe to lepresent the place of the eaith, and the suifiice of the globe the 
iiphere in which the moon levolves Take two sjnall sphcies, having each a 
mendian, and suspend each by a stung from one of its poles Let one of these 
represent a ficbtious moon earned uniformly lound the caith, having its equator 
ooinciding with the hoiizon of the globe, and levolvmg uniformly about its 
axis in the same time in which it levolves about the eaith , then the same me- 
ridian of the moon will always pass thiough the earth, and Uie moon would not 
be subject to any libiation Let the other sphere, representing the tiuc moon, 
be earned in the ecliptic with its proper angulai motion about the earth, having 
Its axis and meridian paiallel to those of the other moon Then as the true 
moon moves from the perigee to its apogee, preceding the fictitious moon, the 
mendian will appear towai ds the left of its disc, and the spots wiU appeal to 
move towards the east, by as many degrees as there are between the longitudes 
of the true and fictitious moons, or by the equation of the orbit , when the tiua 
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mooniEoves Aom apogee to peiigee, the meiidian of the tiue moon will appear 
towards the right of the disc, and the spots will appear to move towards the 
west, thus repiesenting the libiation in longitude When the tiue moon 
moves flora its ascending node to its greatest north latitude, the noithpole of 
the moon will disappear, and the south pole, with the spots about it, will come 
into view, and as the moon leaves tins northern limit, they will begin to disap- 
pear, and when the moon has leached its gieatest southein latitude, the noithein 
pole, with the spots about it, will be bi ought into view, and appear fuithest 
upon Its disc , thus repiesenting the libialiou in longitude. Nicolai Meeca- 
TOEis, Institut Astron pag 286 

372 When the moon is about thiee days fiom the new, the daik pait is very 
visible, by the hght leflectedfiom the eaith, which is moon light to the Lunari- 
ans, considering oui eaith as a moon to them , and in the most favourable state, 
some of the principal spots may be seen But when the moon gets into qua- 
dratures, Its great light then prevents the dark part fiom being visible Ac- 
cording to Di Smith, the stiength of moon hght, at the full moon, is 90 thou- 
sand times less than the hght of the sun , but fiom some expeiiments of M 
Bouguer, he concluded it to be 300 thousand tunes less The light of the 
moon, condensed by the best raiiiois, produces no sensible effect upon the thei- 
mometer Oui eaith, in the course of a month, shows the same phases to the 
Lunaiiaiis, as the moon does to us , the eaith is at the full at the time of the 
new moon, and at the new at the time of the full moon The suifiice of the 
eaith being about 13 tunes gi eater than that of the moon, it affords 13 tunes 
moie hght to the moon than the moon does to the eaith To a Lunaiian, the 
oiith appeals nearly fixed in respect to his horizon 

On the Altitude of the Lunar Mountains 

373 The method used by Hevelius, and othcis since his time, to determine 

the height of a lunar mountto is this Let bLM be a ray of light firdm the no 
sun, passing by the moon at L, and touching the top of the mountain at M, ^4 
then the space between L and M appeals daik With a micrometei, measure 
LM, and compare it with LC , then knowing LC, we know LM, and by Euc 
B 1 P 47 CM— y/CL* -t-XM* IS known, fiom which subtract C^, and we 
get the height pM of the mountain But, as Di Herschll observes in the 
Phil Trans 1781, this method will only do when the moon is in quadiatuies, 
he his therefore given the following general method Let E be the earth, tig 

draw E Mn, and Lo, perpendicuhi to the moon’s radius RC, and Lr paiallel to 85 

on, also ME peipendiculai to SM Now ML would measure its^ full length 
when seen from the eaith in quadiatuies at but seen from E, it only measures 
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the length of Xr As the plane passing thiough SM, HM, is peipendicular to 
a line joining the cusps, the circle BLF may be conceived to be a section of 
the moon peipendicidai to that hne Now it is manifest, that the angle SLo 
or LCRf IS veiy neaily equal to the elongation of the moon fiom the sun , and 

the tnangles LrM, LCo being similar, Lo LC Lr JjM-=z — L'> 

divided by the sine of elongation, ladius being unity Hence we find Mp as 
before 

Ex On June 1780, at 7 o’clock, Di Hebschli found the angle under which 
LMi or ir, appeared to be 40", 625, for a mountain in the south east quadrant, 
and the sun’s istance fiom the moon was 125“ 8', whose sine is ,8104, hence, 
40", 625 divided by ,8104 gives 50", IS, the angle undei which XAf would ap- 
peal, if seen directly Now the semidiametei of the moon was 16' 2",6, and 
taking its length to be 1090 miles, we have, 16' 2", 6 50", 13 1090 LM=i 

56,78 miles , hence, Afjp=: 1,47 miles 

S74 Dr Herschel found the height of a great many moie mountains, and 
thiTilffl he has good reason to beheve, that theu altitudes are greatly overiated , 
and that, a few excepted, they genej ally do not exceed half a mile He ob- 
serves, that it should be examined whether the mountain stands upon level 
grniKtd, which is necessary that the measurement may be exact A low tiact 
of ground between the mountain and the sun will give it highei, and elevated 
places between will make it lower, than its tiue height above the common sur- 
face of the moon 

no 375 The hne ir was measured thus 1 Set the immoveable haii of the 

86 miciomctei parallel to AB, then moving the other haii parallel to it from L to 
r, It gives the measure under which Lr appears Oi 2 Observe some spot 
near to X, to which the hne rX is directed , or take a view of the shadow of 
some neighbouring mountains, either of these will indicate a hne pcrpendiculai 
to a lin e j oining the cusps, sufficiently near to set the miciometei by The last 
method Dr Herschel dunks the best But if the micrometer be finnished with 
an hair perpendicular to the moveable wiie, and that haii be made to coincide 
with Xr, it at once gives the position of the micrometer 

876 On April 19, 1787, Dr Herschel discovered three volcanos in the 
dark part of the moon , two of them seemed to be almost extinct, but the third 
showed an actual eruption of fire, or luminous matter, resembling a small piece 
of burmng charcoal covered by a veiy thin coat of white ashes , it had a degree 
of bnghtness about as strong as that with which such a coal would be seen to 
glow in faint day hght The adjacent paits of the volcanic mountain seemed 
fain tly illuminated by the irruption A similar irruption appeared on May 4, 
1788 PM Trans 1787 On March 7, 1794, a few minutes before 8 o’clock 
m the evening, Mr WiLKiNS of Norwich, an enunent Architect, observed, with 
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the naked eye, a veiy "blight spot upon the daik pait of the moon , it was there 
when he fust looked at the moon , the whole time he saw it, it was a fixed, 
steady light, except the moment befoie it disappeaied, when its biightness in- 
cieased , he conjectmes that he saw it about 5 minutes Tlie same phae- 
nomenon was observed by Mi T Stretton, in St John’s Squaie, Cleiken- 
well, London Phtl Trans 1794 On Apiil 13, 1793, and on Febiuaiy 
5, 1794, M PiAzzi, Astionomei Royal at Paleimo, observed a bught spot 
tipon the daik pait of the moon, neai Austarchus Se\eral othei Astrono- 
ineis have obseived the same phenomenon See the Memoirs do Berlin for 
1788 

377 It has been a doubt amongst Astionomei s, whcthei the moon has any 
atmospheie, some suspecting that at an occultation of a fixed stai by the moon, 
the stai did not vanish instantly, but lost its light giadually , whilst others 
could nevei observe any such appeal ance. M. Schroeter of Lihanthan, in 
the dutchy of Bremen, has endeavoured to establish the existence of an atmo- 
sphere, fiom the following obseivations 1 Pie observed the moon when two 
days and a half old, in the evening soon aftei sun set, befoie the daik pait was 
visible , and continued to observe it till it became visible The two cusps ap- 
pealed tapeiing in a veiy shaip, faint, piolongation, each exhibiting its farthest 
exticmity faintly illuminated by the solai lays, befoie any pait of the dark 
hemispheie was visible Soon aftei, the whole daik limb appealed illuminated 
This piolongation of the cusps beyond the semicncle, he thinks must aiise 
fiom the refraction of the sun’s lays by the moon’s atmosphere Pie computes 
also the height of the atmosphere, which refracts light enough into its daik 
hemisphere to produce a twilight, moie luminous than the light reflected fiom 
the eaith when the moon is about 32° fiom the new, to be 1356 Pans feet, and 
that the gieitest height capable of refiacting the solai lays is 5376 feet 2 At 
an occultation of Jupitei’s satellites the thud disappeaied, aftei having been 
about l"oi 2' of time indistinct, the fouith became indiscernible ncai the limb 
this was not obseived of tlie othei two Phil Trans 1792 If theie be no at- 
mospheie in the moon, tile Heavens, to a Lunaiian, must alwajs appear daik 
hke night, and the stais be constantly visible , foi it is owing to the leflection 
and refraction of the sun’s light by the atmospheie, that the Heavens, in every 
pait, appeal blight in the day 


On the Plieenomenon of the Harvest Moon 

378 The full moon which happens at, or nearest to, the autumnal equinox 
iscilledthe JJcr-uesnnoon, and at that tunc, theie is a less difference bc- 
aoi I 1 e *■ 



ON THi, PIIXNOMLNON OF THi HARVEST MOON 

tween the times of its using on two successive nights, than at any other full 
moon in the yeai , and what we heie pioposo, is to account foi this pheno- 
menon 

S79 Let P be the noith pole of the equatoi QA U, HAO the hoii/on, EAC 
the ecliptic, A the fiist point of Aiies, then, in north latitudes, A is the as- 
cending node of the ecliptic upon the equator, AC being the ordei of the signs, 
and AQ that of the apparent diuinal motion of the heavenly bodies Wlien 
Aiies uses in noith latitudes, tlie ecliptic makes tlie least angle with the hoii- 
/ou, and as the moon’s oi bit makes but a small angle with the ecliptic, let us 
hi&t suppose PAC to represent the moon’s 01 bit Let^ be the place of the 
moon at its using on one mght, now, in mean solai time, the eaith makes one 
revolution in 28// 56' 4', and bungs the same point A of tlie equatoi to the 
hoi 1/011 ag un , but in th it time, let the moon have moved in its oibit fiom A 
to c, and ihaw tlie puallel of dechnatxon tem , then it is manifest, tint 3' 56" 
beloie the w/we lioui the noKt night, the moon, in its (huinal motion. Ins to 
descube cn before it uses Now ca is manifestly the least possible, when the 
nngle CAn is tlie least, Ac bemg given Hence it rises moie neaily at the 
same hour, when its orbit makes the least angle witli die hoii/on Now at the 
autumnal cqiunox, when the sun is m the fiist point of Libia, tlie moon, at 
that time of its full, will be at the first point of Aiies, and therefoie it uses with 
the least difieience of times, on two successive nights , and it being at the time 
of its full. It IS moie taken notice of, foi tlie same thing happens every month 
when the moon comes to Aiies 

Ilitheito wc have supposed the ecliptic to repiesent the moon’s mbit, but as 
the oibit IS inclined to it at an angle of 5° 9' at a mean, let xA» lepicscnt the 
moon’s oibit when the ascending node is at A^ and Ar the arc desciibed ill a 
day , tlien the moou’‘f mbit making the least possible angle with the limizon 
in that position of the nodes, the aic m, and consequently the diffeience of the 
times of using, will be the least possible As the moon’s nodes make ii evo- 
lution in about 19 yeais, the least possible difference can only happen once m 
that time In the latitude of London the least diffeience is about 17' 

380 The ecliptic makes the greatest ingle with the hoiizon when the fiist 
point of Libia uses, consequently when the moon is in that part of its mbit, the 
• diffeience of the times of its using will be the greatest , and if the descending 

node of its orbit be ihcie at the same time, it wiU make the difference the 
greatest possible, and this diffbience is about ih 17' in the latitude of 
London This is the case with the vernal fuU moons Those signs which 
make the least angle with the hoiizon when they nse, make the greatest angle ‘ 
when they set, and vice vasA , hence, when the difference of the times of 
rising 13 the least, the difference of the times of setting is the greatest, and the 
contiary 
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381 By mcieasing the latitude, the angle rAn, and consequently rw, is dinu- 
lushed, and when the time of desciibing m, by the diurnal motion, is 3' 56", the 
moon will then rise at the same solar hom Let us suppose the latitude to be 
inci eased until the angle rAn vanishes, then the moon's oibit becomes coinci- 
dent with the horizon, eveiy day, for a moment of time, and consequently the 
moon rises at the same sidei eal hom , or 3' 56" sooner, by solai time Now take 
a globe, and elevate the north pole to this latitude, and marking the moon’s 
orbit in this position upon it, turn the globe about, and it will appeal, that at 
the instant after the above coincidence, one half of the moon’s mbit, coiies- 
pondmg to Capiicoin, Aquauus, Pisces, Aues, Taurus, Gemini, wiU use, 
hence, when the moon is going thiough that part of its mbit, oi for 13 oi 14 
days. It uses at the same sidereal ho|u Now taking the angle xAJS=5’‘ 9' 
and the angle EAQ=.23° 28', the angle QAx, or Q^^when the moon’s orbit 
coincides with the honzon, is 28'’ 37 , hence, the latitude QZis 61° 23' where 
these ciicumstances take place If the descending node be at A, then QAx^ 
01 19', and the latitude is 71° 4i' In any othei situation of the 

orbit, the latitude will be bct\\ecn these limits When the angle QAa 
IS gieatei than the complement of latitude, the moon will rise cveiy day soon- 
er by sideieal time As there is a complete levolution of the nodes in about 
18 years 8 months, all the vaiielics of the using and setting of Uie moon fnust 
happen within that tunc 


On the Hot izontal Moon 

382 The phenomenon of the hoiiZontal moon is this, that at appears larger 
in the honzon than in the meiidian , whereas, fiom its being nearer to us in the 
lattei case thin in the foimei, it subtends a greater angle Gassendus thought 
that, IS the moon w.is less blight in the honzon, we looked at it there with a 
gi eater pupil of the eye, and theiefoie it appealed larg er But this is conti-iiy 
to the piinciples of Optics, the image of an object upon the retina not depend- 
ing upon the pupil 'Phis opinion was suppoited by a Fiench AbU^ who sup- 
posed that the opening of the pupil made the chrystalhne humoui flattci, and 
the eye longer, and thereby inci eased the image But theie iS no connection 
between the muscles of the iiis and the other parts of the eye, to pioduce these 
effects Des Caktes thought that the moon appeared laigest in the horizon 
because, when companng its distance witli the intermediate objects, it appealed 
then furthest off, and as we judge its distance gieatest in that situation, wc of 
couise think it largei, supposing that it subtends the same angle 'Ihis opinion 
was supported by Dr Wallis in the P/n/ Trans N° 187 Di Bfkki r v ac- 
counts for it thus Faintness suggests the idea of greater distance , the moon 
appearing most faint in the honzon, suggests the idea of gieatei distance, and, 
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9uppoaing tlje visual angle the same, that must suggest the idea of a greater 
tangible object He does not suppose the viable extension to be greatei, but 
that the idea of a gie^itei tangible extension is suggested, by the alteiation of 
the appeal once of the visible extension He says, 1 That which suggests the 

idea of gieatei magnitude, must be something peiceived , foi what is not pei- 
ceived can pioduce no effect 2 It must be something winch is vaiiable, be- 
cause tlie moon does not always appeal of tbe same magmtude m the hori/on 
3* It cannot he in the intei mediate objects, they remaining the same , also, 
when these objects ai^s excluded fiom sight, it makes no alteiation 4 It can- 
not be tbe visible magnitude, because that is least m tbe hoiizoii , the cause 
theiefoie must he in the visible appeal ance, which proceeds fiom the gi eater 
paucity of lays coming to the eye, piodpciiig faintness Mr Rowning sup- 
poses, that the moon appeals fuitliest fiom us in the hoiizon, because the poition, 
of the sky which live sec, appeals, not an entue bemsphere^ but only a poition 
of one , and in consequence of this, we judge the moon to be fuithest horn us 
111 the hoiwon, and theicfoic to be then laxgcst Di Siiurii, in his Optics, 
gives the same reason He makes the apparent distance in tlio hoiizon to be 
to that in the zenith as 10 to % and thoiefore the apparent diameteis in that 
latio The methods by which he estimated the apparent distances, may be seen 
in Vol I pjg 65 The same ciicumstance also takes place in the sun, which 
appeals much larger in. the hoiizon than in the zenith Also, if we take two 
stais neax cich otliei in the hoiizon, and two other stais neai the zemth at the 
sime angulai distance fiom each othei, the two foimei will appear at a much 
gieatei distance horn each othei, than the two lattei Upon tins account, 
people aie, in goncuil, iciy much deceived in estimating the altitudes of the 
heavenly boches ibove the hoi i/on, judging them to be much gieatei thautliey 
aie Di Smitu found, that when a body was about 23° above the hoiizon, it 
appealed to be haJf way between the zenith and hoiizon, and theiefoie at that 
leil altitude it would be estimated to be 45° high Upon the same pnnciple, 
the lowci pait of a lainbow appeals bioadcr than the uppei pait And this 
may be consideied as an aigumcnt that the phsenomenon cannot depend entirely 
upon the gieatei degiee of faintness in the object when m the hoiizon, because 
the lowoi part of the bow floquently appeals bnghtei than the upper part, at 
the same time that it appeals laigci , also, this causo could have no effect upon 
the distance of the stus, and as the diffcicnce of tlie appaienl distance of two 
stais, whose angulai distance is the same, in the horizon and zenith, seems to 
be fully sufficient to account foi the appaient vaiiabon of the moon’s diameter 
m these situations, it may be doubtful, whether tbe famtness of the object ep» 
tcis into aqy pait of tiie cause 
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CHAP. XIX. 

ON THE EOTATION OF THE SUN, MOON AND PLOJLTS 

Art 38S. The time of lotation of the sun, moon and planets, and the 
position of then axes, aie deteimmed fiom the spots which aie obseived upon 
then suifaces The position of the same spot, obseived at three different 
times, will give the position of the axis, foi thice points of any small cucle 
will detcimine its situation, and hence we know the axis of the sphere which is 
peipendiculai to it. The time of rotation may be found, either from observ. 
ing the aic of the small circle described by a spot in any time, or by obseiving 
the letuin of a spot to the same position in lespect to the eaith. 


On the Rotation of the Snn 

384 It lb doubtful by whom the spots on the sun weie first discovered 
SciiEiNER, piofessoi of Mathematics it Ingolstadt, obseived them in May, 
1611, and published an account of them m 1612, in a Work entitled, JRow 
iirsma He supposed them not to be spots upon the body of the sun, but 
that they were bodies of iiiegulai figuies levolving about the sun, very neai to 
jt GAXinEO, in the Preface to a Woik entitled, Istoi ta, Dmostraztom, tntotno 
alle Macchm Solaris Rjoma 1613, says, that being at itoine in April 1611, he 
tlien showed the spots of the sun to several persons, and that he had spoken of 
them, some months before, to lus friends at Florence He imagined them to 
adhere to the sun Kepler, in his Ephemeiis, says, that they were observed 
by the son of David Fabricius, who published an account of them in 1611 
In the papeis of Harriot, not yet punted, it is said, that spots upon the sun 
were obseived on December 8, 1610 As telescopes were in use at that time, 
it IS probable that each might make the discovery Admitting these spots to 
adhere to the sun’s body, the leasous for winch wc shall aftei wards give, we 
proceed to show, how the position of the axis of the sun, and the time of its 
rotation, may be found 

385 To determine the position of a spot upon the sun’s surface, find, by 
the method given in my Practical Asti onomy. Ait 125, the diffeiencc between 
the nght ascensions and declinitions of the spot and sun’s centci , fiom which, 
find the latitude of the spot, and the difference between its longitude and that 
of the sun’s center , this may be done thus Let Q be the ecliptic, <r C the 
equator, AB the sun, S the center of its disc, ti a spot on its surface, diaw 
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,^t parallel to yC, and *55, tm secondaiies to <v.C, and wr perpendiculai to 
yQ, tlien ah is the obseived diffeience of the right ascensions of the spot 
and the snn s center, and ^ov the difference of then dechnations By Ait is 
fl'5xcos Sb==St, hence, in the light angled tnangle V/Slr, we know *5 r and 
tn, tohndPA, and the angle also in the light angled tiiangle we 
know T 5 the sun’s light ascension, and 5*Sits dechiiation, to find the angle 
nr -55, the diftei once between which and the nght angle bSa. gives v*5.r, and 
as IS known, we get »* 5 r, hence, in the right angled tiiangle we 
kuowuA and tlie angle »,», to find w the latitude of the spot, and rS the 
difieicnoe of longitudes of the spot and sun’s center Reduce its geocCntiic 
latitude and longitude to the hehocentric latitude and longitude To do which 

no let SJCn bo the piojcction of the sun’s disc, E&C the ecliptic, S the centei 

89 of the disc, M a spot on the suiface, diaw ML perpendicular to JSC, and ML, 

LS,aic the obsencdgeoccntiic latitude of the spot, and diffeience of longitudes* 
between tliat and the sun’s center, hence we know SM, which is the piojection 
of the aic of a gieat cucle between the point 6 on die sun’s surface to which 

iiQ the caith IS veitical and the spot* into its sme To find this aic, let E be tlie 

90 eaith, Ea a tangent to the sun, and diaw ab peipendicular to EeS , then the 

angle Sab being equal to SEa, tlie appaicnt semidiametei of the sun, the aic 
ae IS the complement of the sun’s Bcmidi.nnetei Hence, if d be a spot upon 
the sun, and dc be pcipendiculai to Se then, as ba Ihe observed semidiametet , 
the sine oj the a) c ae die observed ang le under which dc appears ihe sine Qf 

”9 di^fficdc riius we find tlie aic cones 2 )onding to iSilif, 01 the angulai dis- 
tance of the spot upon the sun’s suiface fioin the midcUe of the sun’s disc 
Now the angle 3ISL in the projection, is equal to that upon the suiface of tlie 
snn foimcd by die gioit ciiclcs, coinjiuto thciefoie tins angle flora the n<rht 
angled iilain tiiangle MLS Letp be the jiole of the ecliptic upon the suiface 
of the biui Then the angle pSL being a right angle, we know the angle pSM 
on the sun’s suiface, togethei with SM and Sp, Sp being =90° , hence we find 
pM, and the angle Mp S Now as S is a point on the sun’s disc, to which the 
ciith IS veitical, S seen flora the sun’s centre has the same longitude as the 
eaith, ind is thcrefoie known , hence, if to that we add, 01 flora it subtract, 
MpS\ accoiding as X is to the cast 01 west of S, we get tlie longitude of M 
seen flora the sun’s center, and the difference of PM and Pv, 01 vM, is tlie 
hehoccntiic latitude of M 

S 96 To deteiraine tlie pole P of the sun’s equatoi QnRN, let ab be the 

91 path deaoubed by -i spot, and M, N, 0, thiec obseived positions of that spot, 
the appaient raotiojj of which 13 flora east to west, the sun revolving about its 
axis Tccoidrag to tlie oidci of the signs , then (385) we know Mp, Np, Op, 
and the angles MpN, NpO , for as we know the angles which Mp, Np, Op 
make witlipS, the angles between these circles will be known, which is the 
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difference of their longitudes Join the points M, N, 0, by tiucc o-icnt 
circles, dotted m the Figuie, then in each of the triangles MpN, MpO, NpO, 
we know two sides and the included angle at p, to find the aics of the sieU 
elides MJV, MO, NO, denoted by the dotted lines Now to find the aics of 
the small circle ab coiiesponding, take the sines of half the aics of tlie gieat 
circles, and the double will be the choids Let aMNOb be the small aide ucf 
Cits center, produce JfC to V, and join OF, then knowing the chords MN 
NO, MO, we know the angle ONAI, the supplement of which is the anole 
OVM, the double of which is the angle OCM a.t the centei, or theaic ONAI 
of the small aide Let OvM be an aic of the gieit aide pissino- thiondi 
OM, whose ladius OD is equal to the radius of the spheie , diaw DCw whith 
must be perpendicular: to OM , then the angle OCzv shows the degrees con- 
tamed in half the arc ONM of the small circle, and tlie angle ONw, half the 
degrees m the gieat cirdmpvM, and sin OCw, or OCI), sin ODC 

OD OC the ladms of f^^here radius of the small aide puallel to* 

the solar equator, radius cos of the distance of the small aide ab flora 
the solai equator , hence, the distance of this small aide fiom the pole P is no 
known Theiefoie in the tiiangle POM, we knoav all the sides, to find tlie 9L 
angle PMO, and in the tiianglc pMO, we know ill the sides, to find the 
angle fMO, hence we know the angle PMp, togethei with PJ/, p i/, thcie- 

foie we can find Pp, which mcisuies the inclination of the sun’s axis to the 
ecliptic 

387 Let N be the ascending node of the sun’s equatoi , to find the sitiua 
tion of which flora the sun’s center, produce pP to t, then P/ passing thiouoh 
the poles of the ecliptic and equator must cut each 90'’ flora the node N, theiefoie 
Nt=90 Now to find the position of t, find, in the tnangle OPp, the anok at 
p, which measures the aic ie, find (385) also the angle Op S', oi the ait - 
hence we know tS, but the longitude of *S' seen flora the sun’s centci is oi/ 
posite to the sun’s place in the ecliptic, find this theiefoie at the time of the 
obseivation at O, and we get the longitude off, consequently we get the place 
N of the node The best time to deteimme the place of the node and the 
mchnation of the equator, is about the beginning of June and December 
because at those times the eaith being in the plane of the equatoi the 

path of the spot IS most inclined to the ecliptic, and its latitude changes the 
fastest ^ 

388. To find the tir . of the sun’s rotation, we have given the degiees of the 
arc AINO, and the time the spot is moving from MtoO, hence, the aic A/0 
360° the time of desciibing A/0 the time of a levolution 

389 But there is a shoiter and moie elegant method of determining the 
place of the node and inclination of the axis, gi\en by M Cagnoli, in fiis Tti- 

gonometry, flora the vaiiation of a triangle when two of its sides remain con- 
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stant, and the thud side vanes by any finite quantity , this is the case with the 
tiiangles PjpO, PpN, PpMy wheie Pp is constant, and PO=PN=PM 
Now talring any two of these tiiangles, PpM^ PpN, he p roves that, s in ^ x 
pN-pM tan ^ MpN sin j-x Np +pl\I cot ^-uPMpi-PNpt wheie 
all the teims ne known, except the last, which theiefoie is known , in like 
inannei, fiom the tiiangles PpNt PjpO, we get PNp + POp , theicfore if we 
put L\ L\ U" foi the obseived longitudes of the spot at Mt N, 0, and JD', 
J)’, D" foi PM, PNy PO, also, a^^xPMp + P^t h=:^ xPMp + POp, 

czz^x PNp + pop, then 

ton Ixjy-g xcot jy L'-L 

sm ixETS 


tan 


sin j- X D”'—D' X cot j x X” — Ij 
sin ] X JO"' + jty 


tan ixS^’^xcotixL”'-// 

sin ixZf^KD” 

Also, tan } Op2f tan. i x PNp-POp tan PpO+^ OpN tan ^ x 
PNp + pop, where all the terms aie known, except the third, of which one 
pait OjpNis hence, tan PpO+ixX"'-X"=tan ixX'"-X"xtan 

c X cot a — b, which put = tan a?, and we have 
P^C> + ] x27'^"=:a 
Add ]xIj^"==ixJJ^Jf 

PpO + X'"=a' + i X yT' + X" the longitude of the pole P of the sun, 
or of t, to winch add 90 °, and we get the longitude of the node N 

Now to find Pp, put P=the longitude of the pole P, then PpOr^P- 
Vzzs, and POp:=.b vc-a=.d, consequently the tangent ol half the dif- 

fciencc of PM and Pp is V*-” ^ ^3 £^=;tan y, and the tangent 

sin ^ s + rf 

of half the sum is t^m \D'x ? ^ = tan. %, hence, k -h- y =tPM 

cos ^ s + d 

(PAf being greater than Pp) and Z'^y=Pp the inchnation of the solar 
equator to the ecliptic If J be gieatei than 180°, talce seo"'--^ fof S, aiid 
the same for d But if d be less than 90®, tlien Pp — l 80* — z ’\-y, and P Af = 
180® 


Ex Accoiding to the obseivations of M de la L\nde, the three longitudes 


* 
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of a spot seen from the center of the sun, and its distance frmn the pole to the 
ecliptic in 1775, weie as follows , 


Longitude 

June 14, 7* 8 
18, 9 5 


21, 10 19 


® 34' 21" = !/' 
48 51 =;i'' 
0 14 -U" 


Distance from the Pole 
90° 88 ' 6 " = i)' 

97 30 8 =Z)" 

101 35 IG =i)'" 


Hence, tan g=— — -Ox cot ]xZ/"-.L'_^o 


sin 4 -xD"-f 2 )' 


tan & = 


sm 


ixi)"'-Z>'xcot ixL"'-L' 


sin i X D'" -\ jy 


= 4° 34' 10" 


tan Css 


sin 


i xI)'''-l)''xcot ^x i'"- Z" 


sm ixZ"-fZ" 


:5° 13' 2" 


Hence, tan | x Z'"— Z" xtan c x cot. a— 5= tan of 50° 26' 50''=j?, con- 
sequently = PpO + Z"' = d? + 1 x L‘" + Z" = 11 ’ 17° 51' 20" the longitude P of 
the pole of the sun , hence, the longitude of the node N is 2 ’ 17 ° 5 i' 20 '',, 
Now P~Z"' = 28° 51' 6 ", &+c-a=3° 30' 27", hence. 


1 "Dirr — 5~ 4. ■§2)'"xsin hxs — d 

tan f X PJ4'--.P^sstan ^=: = — — 


sin I X s + </ 
tan \ D" X cos -J s — d 


43° 59' 0" 


= 51° 14' 10" 


tan X P Jf -t Po ss tan z--. , j- 

^ cos I 5 + C? 

Hence, (PM being greater than P^,) we have PiJ/=^+y=: 950 13 ' 10 " the 

distance of the spot from the north pole of the sun, and Pjp=^— _y±= 7 ® 15 ' 

10 " the inclination of the solar equator to the echptic 


390 M Cassini, from his own observations, makes the inclination of the 
sun’s axis 71°, calling the inclination the distance from the peipendicular to 
the echptic, and the place of the node 2‘ 8° Le P Scheiner supposes the 
inclination to be 7° M de 1’Isle found it 6°' 35', from one set only of ob- 
servations The place of the node was determined by M Cassini the Son, to 

be 2 » 10 ° M de risLE found It r 26 ° Le P Scheiner, in 1626, fixed it 

at 2 ’ 10 ° Prom the difficulty of determining the exact position of the spots, 
the place of the node and inclination, moie particularly the formei, aie subject 
to considerable errors, and accuiacy can only be depended upon, from the 
mean of a great number of observations It does not appear that the place 
of the node, and the inclination, are subject to any change 

391 M de la Lande has given the following method of correcting the 
place of the node, and the inchnation of the equator He supposes the place 
of the node, and the inclination to be neaily known , and from three ohserved 
latitudes and longitudes of a spot, he computes its dedmatiofi, which ought to 
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be the same in each case, if the above quantities be lightly assumed , if tlio 
dechnations come out different, he changes the assumed place of tlie node arx<X 
inchnation, accoiding to the errois, until the dechnation comes out the sanno 
for each obseivation, and then concludes the quantities to be lightly assumed, 
so fai as the obseivatious aie tiue Foi example , He assumes the place of tlio 
node « 8' 17% and inchnation 7® SO' Now in 1775, he found by observa- 
tion on June 14, the latitude of a spot 0®. 88' south, longitude 7* 8° 34', oil 
June 18, the latitude 7® SO', and longitude 9* 5® 49', and on June 21, the 
latitude 11® S5', and longitude 10 * 19°, hence (S93) the coiiesponding dc- 
chnations by calculation aie 5® 17', 5° 2' and 4° 57' By malting die inclina- 
tion 7® 20', the first and last dechnations become 5° 11' and 5® 6', theicfbi'e 
by dimimshing the inclination 10', the dechnations of the spot at the fiist and. 
last obseivations are brought neaiei by 15', hence, 15' 10' s' ([tlio 
diffcience of 5® ll' and 5° 6') s', which subtiactcd jfiom 7° 20' gives 
7® 17' foi the inchnation, which will give the fust and last dechnation 5° 

With this inchnation 7® 17', tlie second observed place gives 5® 6' foi tlxe 
dechnation, differing 3' for the two othei His second hypothesis is to change 
the place of the node in order to make the dechnations at the first and tim'd 
obseivations agiee, he therefoie supposes the place of die node to be 8* 22®** 

And by going thiough the calculations as befoie, he finds, that an inchnation 
of 7® 10' wfil give 5® 33' for the dechnation at the fiist and thud obseivations, 
and 5° 47' at the second, diffenng 14' Hence he aiianges the two hypotheses 
thus 


Node 

Inclini- 

tion 

Decl on 
Timp 14 
and 31 

Dc elm i 
tiou on 
Tuac 18 

Difft 
icncc of 
Declin* 

8' 17® 0' 
8 22 0 

7® 17' 

7 10 

5® 9' 

5 S3 

5® 6' 

5 47 

s' less 
14 moie 

Dlff 5 0 

0 7 

0 24 

0 41 

17 dlff 


Here a change of 5° of the node and 7' in the inclination has made a differ- 
ence of 17' ip the sum of the eriois Hence, to alter the place of the node and 
indhuation to make both the diffeiences 8' and 14' vanish, say, 17' 3* s' ^ 

53', which added to 8* 17® gives 8* 17® 53', also, 17' 7' 8' i', subtiact; 
therefore l' ffom 7® 17' and it gives 7® 16' foi the corresponding inclination* 
Lastly, to find the corresponding dechnations, say, 17' 24' 3' 4', add this 
4' to 5® 9' and it gives 5° is' for the dechnation on June 14 and 21 , and. i y' 
41' s' 7', add this 7* to the dechnation 5® 6' on June 18, and it gives 
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13 foi the declination at that time Hence, the place of the node 8® 17° 53 ', 
and inclination 7° 16', give 5° 13' for the declination of 'he spot at the three 
observations, and therefore we may conclude the place of tl e node and inchna- 
tion to be truly ascertained, as near as the observations can give it It will 
be always proper to go through with all the calculations again, after you have 
thus deduced the place of the node and inclination, and see whether they give 
the declinations the same at each observation , if not, another correction must 
be made in the same manner , but this will not be found necessary, unless you 
have considerably altered the place of the node and inclination , in which case, 
the approximations may not be sufficiently exact , and after all, the small ei- 
lois which the obseivations must be subject to, rendeis it unnecessary to seek 
for a nearer agreement in the decimations than 3' oi 4' This may be consi- 
dered as a correction of the place of the node and inclination, as determined 
nearly by any other method. 

392 When the earth is in the nodes of the sun’s equator, it being then in 
Its plane, the spots appear to desciibe straight lines , this happens about the 

Banning of June and December As the eaith lecedes from the nodes, the 
{lath of a spot grows more and more elliptical, till the earth gets 90° from the 
nodes, which happens about the beginning of September and March, at which 
time the ellipse has its minor axis the greatest, and is then to the maior axis, 
as the sine of the inclination of the solar equator to radius 

393 To find the light ascension nv of the spot at O fiom the descending no 
node ^ and the declination Ou, we have, in the nght angled triangle neO, ne 91 
ffie difference of the longitudes of n and O, with eO the latitude of O, to find 

n, an t e angle One , and as we know we shall know mO , hence, in 
the right angled tnangle 0»», we know nO and the angle OnVy to find m the 
light ascension of 0 measured from the node n, and Ov its declination 

394 If the latitude, longitude and declination of a spot be known, we may 
find Its light ascension thus By spher trig lad xcos nO = cob nexcoB 
Ue, and lad xcos nO:^ cos nvxcos Ov , hence, cos we xcos Oe = cos 

nvxcos Ou, consequently the cos of light ascen «v,- Cos nexcos Oe 

j j ^ t cos Ov 

cos dist from no de x cos hel lat ^ 

cos hel dec ~ efore calculate the right ascension 

of the same spot at two different times, we get its motion in right ascension in 
the interval of these times , hence, that motion 360° the interval of the 
times the time of the rotation of the sun in lespect to the nodes, oi, as it does 
not appeal that the node has any sensible motion, it gives the true time of ro- 
tation Or the time may be detqfmined by the return of a spot to the same 
declination or light ascension Thus M de la Lande has found the time of 
lotation to be 2Sd lOA and the return of the spots to the same situation, to be 
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27^? 7/t 37' 28" M Cassini deteiimned tho time of lolation, fiom obseiving 
the time m which a spot letuins to the sime situation upon the disc, oi to tlie 
cijqIo of latitude passing thiough tlie eoith Let t be that inteivalof time, and 
let m be equal to the it tie motion of the earth in tliat time, and n equal to its 
mean motion, then 360° + m 360° + n t tlie time of i etui n if the motion 
had been unifoiro, and this, fioni a gieat numbei of ob&eivation<», he deteimines 
to be 27d 12/{ 20', now the mean motion of the eaith in that time is 27° 7' 
8", hence, 36Q° + 27° 7' 8" 360° 27<^ 12/i 20 25cf 14A 8' the time of 10 
tation Ekm d^Asfron pag 104 But this method is not capable of so much 
accuiacy as the othei 

395 Theie has been a gieat diffeience of opimoos lespecting the natuie of 
tlie solar spots Scheinib supposed them to be sohd bodies i evolving about 
the sun, veiy nevi to it, but as they aic as long visible as they aie invisible, 
this cannot be the case Moieovei, we li ive a physical aigument against this 
hypothesis, which is, that most of them do not i evolve about tlie sun m a plane 
passing thiough its centei, isiuch they necessaiily must, if they revolved, like 
the plaaqtp, ^beut the sun GAxu.no confuted Scheinee’s opinion, by obseiv- 
ing that the spots were not peiraanent , that they varied then figure , that tliey 
increased an^ deci eased, and sometimes disappeared He compared them to 
sjpohe and clopdq, Htevnuus appears to have been of the same opinion , foi 
in his ComeU)graphiaf page 360, speaking of the solai spots, he says, )u£c ma- 
Asm nunc ea tpsa est evaporatio et exliahtio (quia aliunde mtntme orm potest) 
qtuB ex ipso corpore sohs, ut supra ostensum est, expvraiwr et exhalatur But the 
pcimapency of most of the spots is an aigument against this hypodiosis M 
de la Hmc supposed them to be solid, opaque bodies, which swim upon the 
liquid mattoi of the sun, and which are sometimes entiicly nnmciscd M de 
la Landi: sqppqses that the sun is an opaque body, coveied with a liquid fiie, 
and that the giots anse from the opaque paits, like lo^ks, which, by the alter- 
^ nate flux and leflux of the liqmd igneous mattei of the sun, are sometimes 

raised above the suiface nie spots aic fiequently daik in the middle, with 
an umbra about them , and M do la Lande supposes that thxt part of tlie lock 
which stands above the surface foims the daik pait in tlie centei, and those 
parts which aio but just coveied by the igneous mattei foim the umbia Di 
Wilson, Professoi of Astronomy at Glasgow, opposes this hypothesis of M de 
la ]pANi>E, by this aigument Gencially speaking, the umbia immediately 
contiguous to the dark central part, oi nucleus, instead of being veiy dark, as 
it ought to be, fiom oui seeing the immeised parts of the opaque lock through 
a thin stratum of the igneous mattei, is, on the contiary, very nearly of the 
same splendour as the external suifiice, and tfee umbia giowa darker the fiiithei 
it recedes from the nucleus, this, it must be acknowledged, is a stiong aigu- 
ment against the hypoth^iis of M de la Landx Di Wilson fuitlwr obseives, 
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that M dc Iv Landx pioduces no optical aiguments m support of the rock 
standing above the suifice of the sun The opinion of Di Wilson is, that the 
spots are excavations in the luminous matter of the sun, the bottom of which 
foims the umbia They who wish to see tlie arguments by which this is sup- 
poited, must consult the Phi Trans 1774 and 1783 Dr Halley conjec- 
tuied that the spots aie formed m the atmosphere of the smi Dr HeescHel 
supposes the sun to be an opaque body, and that it has an atmosphere , and if 
some of the fluids which entei into its composition should be of a shining bril- 
hancy, whilst others aie merely tianspaient, any tempoiaiy cause which may 
remove the lucid fluid will peimit us to see the body of the sun thiough the 
tianspaient ones See the Phil Trans 1795 Dr Heeschel on Apnl 19, 
1779, saw a spot which measured l' 8",06 in diameter, which is equal m length 
to moie than 31 thousand miles, this was visible to the naked eye Bwdea 
tlie dark spots upon the sun, there are also parts pf the sun, called FacuUg, 
Lucuiu, M. which aie blighter than the geneial suiface , these always abound 
most in the neighbourhood of the spots themselves, or wheie spots recently 
have been Most of the spots appeal within the compass of a zone lying 30° 
on each side of the equatoi , but on July 5, 1780, M de la Lande observed a 
spot 40° fiom the equator Spots which have disappeared have been observed 
to bleak out again The spots appeal so fiequently, that Astronomers very 
seldom examine the sun with their telescopes, but they see some , Scheiner 
saw 50 at once The following phajnomena of the spots are desenbed by 
Scheiner and Hevelius 

I Every spot which hath a nucleus^ bath also an umbra surrounding it. 

II The boundaiy between the nucleus and urabmas always' well denned* 

III The increase of a spot is gradual, the breadth pf the nucleus and umbra 
dilating at the same time 

IV The deciease of a spot is gradual, the bieadth of the nucleus and um- 
bia conti acting at the same time 

V The exterior boundary of the umbia nevei consists of shaip angles, but 
IS always curvilineai, however iriegulai the outline of the nucleus may be 

VI The nucleus, when on the deciease, m many cases changes its figure, 
by the umbra encroaching irregulaily upon it 

VII It often happens, by these encroachments, that the nucleus is divided 
into two or moie nuclei 

VIII The nucleus vanishes sooner than the umbra 

IX Small umbrae aie fiequently seen without nuclei 

X An umbra of any considerable size is seldom seen without a nucleus 

XI When a spot, consisting of a nucleus and umbia, is about to disappear, 
if it be not succeeded by a facula, or more fulgid appearance, the place it oc- 



222 


ON THE ROTATION OP THE MOON 


copied, IS, soon aftei, not distinguishable fiom any othei pait of the sun’u 
suiface 


On iJte Rotation of the Moon 

pro 396 The latitude and longitude of some one spot, as seen from the moon’s 

89 center, must be determined (385) as foi the sun , but (lefeiiing to Fig 89 ) 
pS IS not, as for the sun, equal to 90”, but it is the moon’s distance from the 
pole of the echptic, foi the pole of the eebpbe will not he in the circumfeience 
of the moon’s disc, as in the case of the sun, except when tlie moon is in the 
echptic , for as the moon leaves the echptic, it is manifest tliat the pole of the 
echptic wiU appioach upon the disc, oi lecede behind the moon, by a quanti- 
ty equal to the moon’s latitude , at the time of observation tlierefoie, pS wiU 
be known, by knowing the moon’s latitude , also .S^/and the angle ^/S'J/aie 
detcimined as for the sun , hence we can compute pM the distance of the spot 
from the north pole of the echptic, and the angle the difference between 
th^ longitude of the spotewil thft of the earth seen from the moon, theiefoie 
the longitude of the earth being known, the longitude of the spot seen from 
the moon’s center wiU be known We thus flfld the latitude and longitude of 
a spot at three different times, seen fiom the centei of the moon, in respect to 
the echptic, or to a circle drawn through the center of the moon parallel to the 
ef^ptic, and with these three observations, we can determine the situation of 
the lunar equatoi, in the same mannei as foi the sun, but Mater has given 
anothei method by appioximation, by which he can employ moie observations 
for one operation, and theieby inciease the accmacy of the conclusion Those 
spots near the centei aie the best fbi this purpose, because then change is most 
sensible, Matlr has therefoie chosen that called Mamhus, the obseivations 
upon which are contained in the following Table» 
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True Time at 
Nuienibeii^ 
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12 
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39 Y Let QDV icpresent the face of the moon next to the eaith, C the no 
centei of the moon’s disc , QiVX the lunar equatoi, P its pole, the 93 

ecliptic lefeiied to the moon’s surface, or rather a circle passing thiough its 
center parallel to the ecliptic, and which extended to the heavens maybe con- 
sidered as coinciding with it, p its pole, which is not, as in the sim, in the out- 
waid circle ilf Manilius, through which draw the great circles pMJB^ 

PML, and let <y. be the fiist point of Anes seen fiom the moon’s centei * 
then MB is the latitude of Mamlius, which is a variable quantity, and known 

from observation, and therefore we know jiAf Its complement , Bp is the dis- 
tance of the two poles, or the inclination of the lunai equatoi to the ecliptic , 

8 
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MJj 19 the decUnaHon* of Macihus y and <\p ^ is the longitude of tlie node N 
of the lunar equator Now when p falls between P and M, Mp is the least , 
and when p is opposite to that situation, Mp is the gieatest , and half the dif- 
ference gives Pp the distance of the poles, oi the inclination of the lunai 
equatoi to the ecliptic But as Mp is the complement of latitude of My it is 
manifest that the above mentioned half diffeience is half the diffeience of the 
greatest and least complements of la^tudes of M Now by inspection in tlie 
Table, the greatest obseived value oipM Is 76° 59', and fhe least value is 73° 
36', half the differeiflle of which is 1° 4l',5, which is ncaily the value of Pp, 
and would be accurately so, if we could be sure that the above values of pM 
were the greatest and least possible Also, (366) the node N of the lunai 
equator coincides, oi neaily so, with the node of the lunai mbit Put a=Pp, 
hziLMy <rBy ArspAf, /=;1he distance of thejaode N of the lunai cquatoi 
from the node of its orbit, 7f=the longitude of the 'ascending node of the oibit, 
then A + #=x. v-N the longitude of the node of the lunai equatoi , hence, g—k 
-t^NBy or the angle NpBy and therefoie MpP =z90° -g +Ic + t, because 
the gieat cwcle passing through llkep^s of any two Bieatf:iicles must be 90° 
fioBft their intersection Now in t^ triangleu AfPpi (Tng Art 24S ) cos 
P.af=q oB Pp X cos pM + sin Ppx sin. pM x cos PpMy that is, cos 
90 °— Aobcos ax cos h + aa ax8in*h.xcos 90°— g + A; + <, or sin A=s cos 
aj< coB fe -fmn ax sin hxsiMg—k—i, Now by plain tiig sin g—k—i^ 
sin g— 7f X cos sin ^xcos g—k, but as t is very small, we may assume 
the cos f=l , and as a is also veiy small, cos a=l , hence, by substitution 
and tiansposition, sin i— cos A=sin axsm Ax sin g—k— bid. ax sin Ax 
sin txcoB g-k But as Pp is very t,mall, A=90°-A + a', where a- must be 
very small, it never being more than Pp , hence, sin A=cos ^TITiispcos hx 
cos, a? + sin Ax sin a?=:(a8 cospa's?:! veiy neaily, and Bin* a— ai) cos A + iUx 
sm A, therefore gin A-«?s A=a?xsin A=A-90‘’-Ax sin A Substitute this 
quantity for sin, A— ods A in die above equation, divide by sin A, and for sin 

a substitute a, and we hafe A-90°— A=a x sin g_A— a xsin ^xcos g—k 
jTow the quantities g. A, k are known fiom obseivation, to find a. A, /, to do 
whichj we must form three equations from thiee different values of g, A and ky 
from whence we can find a, byt * 

Ik 

Por 6 u 8 pui!|ioae, Matbe has taken the obseivations on July 4, lo, and 15, in 
the TaUes , hence, * *' 


* Writers upon this subject call this the Lunar latitude, but this makes a conAision of teims, I 
h^ve chcilien to call it it being tbo^istanceof the spot fiom the lunai equator 

/ ' 
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Times of ob- > July 2, July 10, July 15, ‘ 

seivation I at 2h 23' at 12/i 5' at 13/i 35' 


g= - - - 0’ 14° 42' - - - 4* 1° 19' - - . 6’ 7° 24' 

^ - 0 76 55 - - - 0 75 46 « 1 - 0 74 4 

1= - * - ~ - 10 9 14 - - - 10 8 48 - - - 10 8 32 

sm g-k - - - + 0,9097 - - +0,1302 - - - -0,8560 

cos g~k - - - +0,4152 - - - -0,9915 - - - -0,5170 

♦ t 

These values substituted mto the above equations give, 

13° 5'= +0,9097(2— 0,4152a X sin t 

6-14° 14'= +0,1302« + 0,99l5axsin. ^ 

6-15° 56'= -0,85e«J#+ o;5a 70(3! X am t 

I 

Subtract the first from the secondhand the second from the thud, and 

- 171'=;*- 1,7657(2 + 0,9322(2 x sin t 
^ -I02'=-O,9862a-O,4745axsin t 

♦ 

Divide the fiistby 0,9322, and the second by -0,4745, and 

— 183,44= — l,8941fl + (2 X sin t 
2 14', 47 = + 2,0784a + a X sm t 

Subtiact the first from the second, and we get 397,9 |=3,9725a , hence, a= 
100 = 1 40 , substitute this value of a into one of the other two equations, 
and we get t=3° 36 ' , and these values of a and t substituted into one of the 
thiee fiist equations, give 6=14° S3' the declination' of Mamlius This value 
of t shows that the hode of the lunai equatoi does not sensibly differ from die 
place of the node of the lunai mbit This deteimqjation also gives the inch- 
nation of the moon’s axis to the ecliptic=l° 40' Produce pF to meet the 
ecliptic and moon’s equatoi in r and 6 , then rs= 1° 40' Now the ascending 
node of the moon’s oibit, and the descending node of its equatoi,* aie thosje 
which go togethci Let theiefoie iVw be the situation of the moon’s mbit in 
respect to the ecliptic iVr, then wr=5°^9' at the mean inclination of the lunar 
mbit, and asr5=r° 40', we have wy, m the angle equal to 6° 49' the in- 
cTination of the §,xis of the moon to the plane of its oibit To fi«e all the ac- 
curacy possible, the thiee latitudes observed should be'veiy fliTOient,and JVjg 
about 90 , if two of the obseivations be towards the exfreme latitudes, and the 
othei neai the node, the inclination will be determined with the greatest ac- 
curacy , and if two be near the node, and one neai the greatest latitude, the 
node will be best determined * ^ , 


vox I 
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To apply moie than thioe obseivations to one opei alien, Mayek, ln\ing cal- 
culated the 27 obseivations in the Table, foimed 27 equations siinil u to the 
thiee formed befoic, then he added nine of them togethei, and thus fbimed 
the following equ ittons 

9d-118° 8'= H 8, 4987a -0,7932a X sin f 

96—140 17 = —6,1 104a + 1,7443a X sin t 

96-127 32 = + 2,7977a + 7,9649a x sin t 

In the forming of these equations, nine equations weie taken foi the fust, so 
as to make tlie posifive coefficient of a as gieat is possible , nine foi the se- 
cond, to make the negative coefficient the gicatest , and the thud was foi mod 
fiom the othei nine By this means, when we extei inmate all but a, its co- 
efficient will be tlie greatest, and will give the most accurate value of a Pio- 
cectbng tlieiefoie as befoie, we get a=:89',9 = i® 30' veiy neaily, diffeiing 10' 
fiom the otliei deteiminition, which cannot be considered so accurate as this, 
6 = 14® 33', the same as befoie , l=~3° 45', giving the longitude of the node 
of the lunar equitoi about as much less as the othei gave it gieatei This 
value of a gives the mchnation of the moon’s axis to the plane of its oib 3 t= 
6° 39' And as the longitude of the node of the moon’s oibit at the bcgiii- 
ing of 1748, was 10’ 18® 56', tliat of its equatoi; was 10’ 15° ii 

lnthe;^eai 1763, M de la Landf, in the montli of Octobei lepeatecl these 
obseival^QttS, and found the inclination to be 1° 43 , and the dechnatioii of 
Mamlius 14° 35', he thinks this detcimmation is moie to be depended upon 
than that fiom the obseivations of Mayer He also found the distance of die 
nodes of the moon’s oibit and equatoi to be about 2°, at a tunc when the dis- 
tance of the node of the lunai oibit was 60° fiom the place wlicie il w isiii 
1748 We may tlicicfoie, with Cassini, conclude, tint llie nodes oj the lumit 
cquab) agree 'mth the mean place of the nodei of the lunar orhl^ and ton6C- 
quenll^ thetr mean motions ave the same , a veiy lemaikible ciiciiinstuicc 

398 The values of <Y>iJ andqp A" being known, we know NB the lonoitudi 
of If , and its latitude MB being also known, togethei with tlic ingle BNL, 
wc can ^393) find the right ascension NB of Minihus Ileiicc, compute the 
light ascension it any inteivals of time, and it ippeais that the light ascension 
mcieascs uniformly, tlieiefoie die rotation of the moon about its axis is uniform, 
and consequently is peifoimcd (355) m 27d 76 43' li",5 

399 As A IS a hxed point upon the moon’s suifacc, if the right ascension of 
iny othei pou:^e|timatccl from L be found, and also its declination, die situa- 
tion of that pomt will be known Thus we might lay down the figiue of die 
lunai disc 


On the Rotation o/ the Planets 

400 The (reorgiau is at so gieat a distance, that 4stionoineis, with then 
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best telescopes, have not been able to discovei whether it has any i evolution 
about its axis 

401 Satuin was suspected by Cassini and Fato, in 1683, to have a levolu 
tion about its axis , foi they one day saw a blight streak, which disappeaied the 
next, when anothei came into view neai the edge of its disc , these stieaks aie 
called Belts In 1719, when the iing disappeaied, Cassini saw its shadow 
upon the body of the planet, and a belt on each side paiallel to the shadow 
When the ring was visible, he peiceived then cuivatuie was such as agieed 
with the elevation of the eye above the plane of the iing He considcied them 
as similai to oui clouds floating in the atmospheie , and having a curvatuie 
similai to the exteiioi ciicumfeience of the ring, he concluded that they ought 
to be neaily at the same distance fiom tlie planet, and consequently the atmo- 
spheie of Satuin extends to the ring. Di Herschel found that the ai- 
langement of the belts always followed the dnection of the ring, thus, as the 
ling opened, the belts began to show an incuivature answenng to it And 
duiing his obseivations on June 19, 20 and 21, 1780, he saw the same spot in 
three diffeient situations He conjectured theiefoie, that Satuin levolved about 
an axis peipcndiculai to the plane of its iing Anothei argument in defence 
of this IS, that the planet is an oblate spheioid, having the diameter in the diiec- 
tion of the iing to the diametei peipendiculai to it as about 11 lo, accoiding 
to Di Herschel, the measuies weie taken with a wiie iniciometei piefixed 
to his 20 feet reflectoi The tiuth of his conjectuie he has now veiified, hav- 
ing deteimined that Satuin i evolves about its axis in lOh 16' 0",4 PM Trans 
1794 The lotation is accoiding to the oidei of the signs 

402 Jupiter is obseived to have belts, and also spots, by which the time of 
its lotation can be veiy accuiately ascertained M Cassini found the time of 
lotation to be 9li 56', fioin a lemaikable spot which he obseived in 1665 In 
Octobei 1691, he obseived two blight spots almost as bioad as the belts , and 
at the end of the month he saw two moie, and found them to levolve in 9h 
51' , he also obseived some othei spots neai Jupitei’s equatoi, which levolved 
in 9/j 50', and, in geneial, he found that tlie neaiei the spots wete to the 
equatoi, the quickei they revolved It is piobable theiefoie that these spots 
are not upon Jupitei’s suiface, but in its atmospheie, and foi this leason also, 
that seveial spots which appealed lound at fiist, grew oblong by degrees in a 
diiection paiallel to the belts, and divided themselves into two oi thiee spots 
M Maraldi, from a gieatmany observations of the spot oj^erved by Cassini 
in 1665, found the time of rotation to be 9/i 56' , and conclied that the spots 
had a dependence upon the contiguous belt, as the spot had nevei appealed 
without the belt, though the belt had without the spot It continued to ap- 
peal and disappear till 1694, and was not seen any more till 1708 , hence he 
concluded, that the spot was some effusion flora the belt, upon a fixed place of 
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Jupitei’s body, foi it always appealed in the same place. Di. Hersciiel found 
the time of lotation of diifcient spots to vaiy, and that the time of revolution 
of the same spot dimimshed; foi the spot obseived in 1778 i evolved as follows. 
Fiom Februaiy 25 to Maich2,in 9h. 55'. 20" ; fiom Maich 2 to the 14th, in 9/l 
54'. 58" , fiom Apiil 7 to the I2tli, in 9//. 51'. 35". Also, fiom a spot obseived 
in 1779, Its lolation was, fiom Apiil 14 to the l9th, in 9//. 51'. 45" ; from Apnl 
19 to the 23d, in 9/i. 50'. 48". This, he obseives, is agreeable to the theory of 
equinoctial winds, as it may be some time befoie the spot can acquiie the velo- 
city of the wind ; and if Jupiter’s spots should be observed in Afferent paits 
of its yeai to be accclciated and letaided, it would amount almost to a dcmon- 
stiation of its monsoons, and then peiiodical changes. M. Schroeter makes 
the time of lotation 9h. 55'. 36",6 , he obseived the same vanations as Di* 
Hersciiel. The lotation is accoiding to the oidei of the signs. This planet 
IS obseived to be flat at its poles. Di Pound measmed the polar and equa- 
toiial diametcis, and found them as 12 . is. Mr. Short made them as 13 
14. Di. Bradley made them as 12,5 ; 19 , 5 . Sii I. Newton makes the latio 
9i : lOi by theory. The belts of Jupiter aie generally paiallel to its equatoi, 
which IS very ncaily parallel to the ecliptic; they are subject to great varia- 
tions, both in respect to theii number and figure, sometimes eight have been 
seen at once, and at other times only one *, sometimes they continue for three 
months without any variation, and sometimes a new belt has been formed in 
an hour or two. Fiom their being subject to such changes, it is very piobabJc, 
that they do not adhere to the body of Jupiter, but exist in its atmosphere. 

403. Galileo discovered the phases of Man ; after which, some Italians, 
in 1636, had an impeifecl view of a spot. But in 1666, Di. Hook and M, 
Cassini discover cd some well defined spots; andtlie latter determined the time 
of tlic rotation to be 24/i. 40'. Soon after, M. Maraldi obseived some spots, 
and determined the time of lotation to be 24/i. 39'. He also observed a very 
bright part near the southern pole, appearing hke a polar zone ; this, he says, 
has been obseived for 60 year's ; it is not of equal brightness, more than one 
half of It being biightci than the rest ; and tiiat part which is least bright, 
is subject to great changes, and has sometimes disappeared. Something like 
this has been seen about the north pole. The rotation is made according to 
the order of the signs. Hr. Hersciiel makes the time of a sidereal revolution 
tobe24/i. 39'. 2l",67, without the piobabihty of a greater error than 2"jS4. 
He proposes to the time of a sidereal levolution, in order to discover, by 
future observatiCwPj 'whetlier tlierc is any alteration in the time of the revolu- 
tion of the earth, or of the planets, about their axes , foi a change of either 
would thus be discovered. He chose Mars, because its spots are permanent. 
See tire PW. 2 Vows. 1781. Fiom fiirther observations upon Mars, which he 
published in the 'BTul. Trans. 1784, he makes its axis to be inclined to the , 
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ecliptic 59°. 42', and 61°. 18'. to its oibit ; and the north pole to be diiected to 
17°. 47 of Pisces upon the ecliptic, and 19°. 28'. on its oibit. He makes the 
latio of the diameteis of Mai s to be as 16 ; 15. Dr. Maskelyne has care- 
fully observed Mars at the tune of opposition, but could not pe rceive an y 
diffeience in its diameteis. Di. Herschel obseivcs, that Marshas a consi- 
deiable atmosphere. 

404. Galileo fiist discovered the phases of Venus in 1611, and sent the dis- 
covery to William de’ Medici, to commumcate it to Kepler. He sent it in 
this cypher, Hcec mmaturce a me frustra legtmiur, o, y, which put in ordei, is, 
Cynlhw Jiguras aemulatiir mater amorum^ that is, Venus emulates the phases qf 
the moon. He afterwards wrote a letter to him, giving an account of the disco- 
veiy, and explaining the cypher. In 1666, M. Cassini, at a time when Venus 
was dichotomised, discovered a bright spot upon it at the sti aight edge, like 
some of the bright spot;, upon the moon’s suifiice, and by observing its motion, 
which was upon the edge, he found the sidereal time of rotation to be 23A. 16'. 
In the year 1726, Bianchini made some observations upon the spots of Venus, 
and asserted the time of rotation to be 24j days, that the north pole answered 
to the 20th degree of Aquaiius, and was elevated 15°. or 20°. above its orbit j 
and that the axis continued paiallcl to itself. The small angle which the axis of 
Venus makes with its orbit, is a singular circumstance ; and must cause a very 
great variety in the seasons. M. Cassini, the Son, has vindicated his Father, 
and shown from Bianciiinx’s obscivations being interrupted, that he might 
easily mistake different spots for the samcj and he concludes, that if we sup- 
pose the periodic time to be 23 /l 20', it agrees equally with their observations! 
but if we take it 24} days, it will not at all agree with his Father’s observa- 
tions. M. Sciiroeter has endeavoured to show that Venus h^is an atmosphere, 
from observing that the illuminated limb, when horned, exceeds a semicircle; 
this he supposes to arise from the refraction of the sun’s lays through the atmo- 
sphere of Venus at the cusps, by which they appear prolonged. The cusps 
appeared sometimes to run 15°. 19'. into the dark hemisphere ; fiom which he 
computes that the height of the atmosphere to lefiact such a quantity of light 
must be 15156 Paris feet. But this must depend on the nature and density 
of the atmosphere, of which we are ignorant. Phil Trans. I7li>2. He makes 
the time of rotation to be 23/i. 2l', and concludes, from his observations, that 
there are considerable mountains upon this planet. Phil. Trans. 1795. Dr. 
Herschel agrees with M. Schroeter, that Venus has a cOBIft^eiable atmo- 
sphere ; but he has not made any observations, by which he can determine, 
either the time of rotation, oi the position of the axis. Phil. Trans. 1793. 

405. The phases of Mercury are easily distinguished to be like those of Venus; 

but no spots have yet been discovcied by which we can ascertain whether it has 
any rotation. g 
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406. There is reason to believe that the satellites of Jupiter axid. Saturv xq- 
volve about their axes ; for the sateUites of the former appeal at diffeicnt times to 
be of very different magnitudes and brightness. The fifth satellite of Saturn 
was observed by M. Cassini foi seveial years as it went thiough the eastern pait 
of its orbit to appear less and less, till it became invisible , and in the western 
part to increase again. These phaenomena can haidly be accounted foi, but by 
supposing some parts of the surfaces to be unfit to leflect light, and theiefoie 
when such parts are turned towards the earth, they appear to glow less, or to 
disappear. As the same appearances of this satellite returned again when if 
came to tifie same part of its oibit, it affords an argument that the time of the ro- 
tation about its axis is equal to the time of its revolution about its primary, a 
circumstance similar to the case of the moon and earth. See Di. Herschel’s 
account of this in the JPM. Trans. 1792. The appearance of this satellite of 
Saturn is not always the same, and theiefoie it is probable tliat the dark parts 
ate not permanent. 




CHAP. XX. 


ON THE SATELUTES. 


Alt. 407. (3^ Januaiy 8, 1610, Galileo discovered the foui satellites of Ju- 
piter, and called them Medicea Sidera, or Medtcean Stars, in honor of the fa- 
mily of the Medici, his patior-'. This was a discoveiy, veiy impoitant in its 
consequences, as it fiiinished a leady method of finding the longitudes of 
places, by means of tlv ii eclipses , the eclipses led M. Roemer to the dis- 
covciy of the piogiessive motion of light; and hence Di. BiiADLETwas enabled 
to solve an appaient motion in the fixed stars, which could not otheiwise 
have been accounted for. 

408. The satellites of Jupiter in going fiom the west to the east aie eclipsed 
by the shadow of Jupitei, and as they go fiom east to west are observed to pass 
ovei its disc , hence they i evolve about Jupitei, and in the same direction as 
Jupitei 1 evolves about the sun. The thiee fiist satellites aie always eclipsed, 
when <hey aie in opposition to the sun, and the lengths of the eclipses aie found 
to be ddferent at diffeient times, but sometimes the fouith satellite passes 
thiough opposition without being eclipsed. Hence it appeals, that the planes 
of the orbits do not coincide with the plane of Jupiter’s oibit, for in that case, 
they would always pass thiough the center of Jupiter’s shadow, and there would 
always be an eclipse, and of the same, or veiy nearly the same duration, at 
eveiy opposition to the sun. As tlie planes of the orbits which they describe 
sometimes pass thiough the eye, they will then appear to desnibe straight lines 
passing thiough the contei of Jupitei ; but at all other times they will appear 
to dcsciibc ellipses, of which Jupiter is the centci. 


On the Periodic Times, and Distances of Jupiter's SaUUiles. 

409. To get the times of tlieii mean synodic revolutions, or of their revolu- 
tions in respect to the sun, obscive, when Jupitei is m opposition, the passage 
of a satellite over the body of Jupitei, and note the time when it appears to be 
exactly in conjunction with the center of Jupiter, and that will be the time of 
conjunction with the sun. After a consideiable mteival of time, repeat the 
same obseivation, Jupitei being in opposition, and divide the mteival of time 
by the numbei of conjunctions with the sun in that mteival, and you get the 
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435<f. 14^. 13'. Therefore after an interval of 437 days, the three first satel- 
lites return to their lelative situation within nine minutes. 

416. In the return of the satellites to their mean conjunction, they desciibe 
a revolution in their orbits together with the mean angle desciibed by Jupi- 
ter in that time , theiefore to get Hhepertodtc time of each, we must say, 360® 
+ a° 360° time of a synodic revolution . the time of a penodic levolution ; 
hence tlie periodic times of each are j 


Pirst 

Second 

Third 

Fourth 

1“. 18“. 27'. 33" 

3“. 13“. 13'. 42" 

7^ S“. 42'. 33" 

16^ 16“. 32'. 8" 


417. The distances of the satellites from tlie centei of Jupiter may be found 
at the tune oi their gieatest elongations, by measuring, with a micrometer, at 
that tune, then distances from the center of Jupiter, and also the diametei of 
Jupitei, by which you get then distances in teims of the diameter. Or it may 
be done thus. When a sateUite passes ovei the middle of the disc of Jupiter, 
obseive the whole time of its passage, and then, the time of a revolution ; the 
time of its passage over the disc;* 360° : the arc of its orbit corresponding to 
the time of its passage over the disc ; hence, the sine of half that arc * radius 
;;the semidiametcr of Jupiter ; tlie dijttance of the satelhte. Thus M. Cassini 
determined their distances in terms of the semidiameter of Jupiter to be, of 

5,67, of the second 9, of the third 14,38, and of fourth 25,3. 

418. Oi having determiiicd the periodic times and the distance of one satel- 
lite, the distances of the other may be found from the proportion of the squares 
of the periodic times being as the cubes of their distance. Mr. Pound, with a 
teleseope 15 fetet long, found, at the mean distance of Jupiter fiom the earth, 
the greatest distance of ihojourth satellite to be 8'. 16"j and by a telescope 123 
feet long he found the gieatest distance of die third to be 4'. 42"} hence, die 
greatest distance of the second appears to be 2'. 56" 47'", and of the frst 1'. 51". 
6"'. Now the diameter of Jupiter, at its mean distance, was detci mined, by 
Sir I. Newton, to be 37"4: j hence, the distances of the satellites, in terms of 
the semidiameter of Jupiter, come out 5,965} 9,494} 15,141, and 26,63 re- 
spectively. Prin. Math. Lib. ter. Pheen. 

^'ence, by‘>'knowing the greatest elongations of the satellites in minutes and 
seconds, we get their distances flora the center of Jupiter compared with the 
mean distance of Jupiter from the earth, by saying, the sine of the greatest 
elongation of the satellite ; radius ; . the distance of the satellite from Jupiter : 
the mean distance of Jupiter from the earth. 
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On the Equations of Jupiter's Satellites. 

419. The conjunction of tlie satellites with the sun, and their eclipses, can- 
not (411) letuin at equal intervals of time, on account of the unequal motion 
of Jupiter, which constitutes the greatest inequality , because these intervals 
are equal to a revolution in their mbits increased by the time of describing an 
angle equal to that which Jupitei has described in these intervals, which angle 
is variable. The tiue conjunctions compared with the mean may therefore 
vary by twice the greatest equation of Jupiter’s oibit, or by 11”. 8'. 2" accord- 
ing to M. Wargentin ; because Jupiter in one part of its oibit will be 5°. 
34'. 1" behind its mean place, and in another pait 5°. 34'. l" befoie it, To find 
this inequality, or equation, in time, say, 360° ; 5°. 34'. l" : a synodic revo- 
lution ; the equation answering to the greatest equation of Jupiter’s oibit, 
which is found to be 39'. 22", ih. 19'. 13", 2^. 39'. 42", and 6h. 12‘. 59" for the 
first, second, third and fourth satellite lespectively This equation depending 
on Jupitei’s anomaly, has (411) for its argument A the mean anomaly of Ju- 
pitei. But as the exeentiicity, and consequently the gieatcst equation of Ju- 
piter’s orbit, is subject to a change, this equation must also be variable. M. 
Cassini fiist employed this equation in calculating the eclqises. 

420. Another equation aiises from the piogressivc motion of light. When 
the earth is at T and Jupiter in opposition at A, the eclipse begins sooner by 
16'. 15" than when the earth is at iV, and Jupiter at A, liglit taking that 
time to move over the diameter of the earth’s mbit*. If theiefore we 
suppose Jupiter to revolve about the sun m a circle at its mean distance, 

; and V and W be the places of the eaith when at its mean distance fioin Ju- 
piter, whilst the eaith is in the pait vNw of its oibit, the light fiom the satellite 
comes later to the eaith, than when at its mean distance , and wdien the earth 
is in the pait toTv, the light comes sooner, consequently the eclipse happens 
later in the former case, and sooner in the latter, than it would, if the earth 
weie at its mean distance. This difieience constitutes tlie first and greatest 
equation of light ; it is nothing when Jupiter is at its mean distance fiom the 

* M Cassini fiist suspected that light was progressive, from obseiving that the immersions ol tlie 
fint satellite, as they are observed liom thi conjunction of Jupiter to its opposition, tool place soonei 
and sooner in respect to the computed time , and that the emeisions, as they aie obsened fiom oppo- 
sition to conjunction, took place later and latei But he peiceived that if he admitted Ihis loi the fust 
salcllite, It must be admitted foi the tliree others, which did not appeal to him to iccjuiie this equa- 
tion , he therefore gave up the idea IM liocMCR did not think that IVX, (Jvs^ixps oiijection to the 
jnogiessive motion of Jight was well founded, he therefoie adopted the idea, and e aablwlitd the fart, 
J)i IIm II Y observed, that it was necessary to allow for the motion of light m tin other satellites, 
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earth, and is at its maximum when Jupiter is in conjunction and opposition, at 
which time its quantty is half 16'. 15", or 8'. 7", 5. This equation is subtrac- 
tive in vNw, and additive inwTv , and has foi its argument, the elongation of 
Jupiter from the sun. But Jupiter does not move in a ciicular orbit ; and if ^ 
be the apogee and P the peiigee, the diffeience between AS and PS is such, 
that light moves through PS in 4'. 5" sooner than it does through AS. Now 
this equation beginning when Jupiter is at its mean distance, the half of 4'. 5 '\ 
01 2'. 2", 5, IS tlie greatest equation arising fiom tins cause, the excentneity of 
the orbit. Hence, the argument for this equation is the anomaly of Jupiter. 
This equation is additive when Jupitei is at a less than its mean distance, and 
subtra£lwe, when at a greater. This is the second equation of hght. These 
three equations, that is, the equation of Jupiter’s orbit (419) and the two equa- 
tions of hght, are manifestly common to all tlie satellites, the apparent tunes at 
which tlie eclipses of all the satellites happen, being equally affected by them. 
But besides these equations, there are otheis winch belong to each, the manner 
of determining which has geneially been, to compare a great number of obser- 
vations with the calculations, after taking into consideration the pieceding 
equations, and the diffeience between such computations and the observations 
must give the equation icquiied. Such an equation however may be tlie result 
of several inequalities, in which case it must be separated into several eqita- 
tions ; and by trying one set of equations after another, and by increasing some 
and diminishing others, or adding new ones, Astronomeis have made their 
Tables agi ee very well with obsei vations. Equations thus introduced, are called 
Empytk. And this is the only way, where there is not proper data to compute 
then value from theory, or to separate them by. The uncertainty of the quan- 
tity of matter in the satellites, rondois the theory, in estimating the effects of 
the disturbing forces upon each othei, subject to the same degree of uncer- 
tainty. 

421. M. Bailly, in his Essai stir la Theorie des Satellites de Jupiter, has 
shown, that the inequalities of the first satellite arises from the attraction of the 
second, which produces an equation of about S'. 30" in time, or of 29'. 30". on 
the orbit, as was found by M, Wargentin. In the year 1719, Dr. Bradley 
found that in the years 1682, 1695, I7l8, the echpse of the first satelhte lasted 
about 27i. 20' but at the other node in 1677 and 1689, the duration was only 
2A. 14'; this appeared to indicate, that the motion of the satellite was not uni- 
form, and consequently tliat the orbit might be excentric ; he nevertheless sus- 
pected that it arose from the attraction of the second, as the reader may see m 
thePiii/. Trans. 1726. M. Wargentin’s Tables, which agree very well with 
observations, contain this equation, M. Bailly and M. de la Grange examin- 
ed this matter very fully, and found that all tlie irregulanties of the first satellite 
arose from the attiaction of the second, and produced an effect of about s', so” 
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me. This equation is as the sme of the distance from the point where it is 
ing. 

22. The second satellite is subject to the greatest iiregularities. It appeals 
observation, that the equation amounts to about 16'|- in time, of which the 
>cl is 437 days, which indicates that it is produced by the attiactions of the 
and. third, for in that time the three first satellites return to the same situ- 
t in respect to Jupitei. M. Bailly suspected an excentncity of the oibit, 
a. motion of its apsides j but this he speaks of as a circumstance veiv 
tful. ^ 

3. The third satellite has its motion disturbed by the first, second and 
la ; the whole effect of these, accoiding to M. Bailly, produces an equa- 
of 16 '. 11 of a degiee. M. Waegentin makes it, fiom obseivation, to be 
46 in t!ie iables published in 17-59 j but in the last edition of Ins Tables, 
t-s employed thicc equations ; one about 2'^ of time, of which the peiiod is 
.lays, which he determined from observation j the other two are 4'.^ and 
f* time, and which he determined also fiom observation, the peiiods of 
are about 121 and 14 yeais. Peihaps, says he, the vaiiation of the ex- 
i city of the orbit is subject to some change, which may pioduce the two 
equations. He afteiwaids doubted, whethci it would not be bettei to sub- 
c one equation instead of these two. M. de la Lande says, that the thud 
Ton may be suppressed, and the computations will then not deviate much 
observation M. Maraldi suspected that this satellite had an equation 
center, and that the annual motion of its apside was 1°. SO', M. Bailly 
g calculated a great numbei of observations, and compaied them with his 
ry, after allowing foi all the other equations, found it necessary to assume 
1 “ the equation of its center} he also found it necessary to give a motion to the 
3s of about 2° in a year } but this motion appeared to liim to be lather too 
to satisfy the observations. According to his Theoiy,the motion of the 
3S is 2°. 12'. 3", fiom the distuibing foice of the sun, and the action of the 
satellites, without taking into consideration the figure of Jupiter, which 
Iso cause a motion of the apsides. He joined to the equation of the cen- 

other equations } the fiist of 25" from the action of the first satellite } 
scond of 4'. 10" fiom the action of the second } the third of l'. 19" fiom the 
a of the second, on account of the excentncity of the orbit j and lastly, 
tliers of 17 and 59 fiom the action of the^urth. These equations, M. 
.Y says, may in ceitam cases go as far as 16'. li", which is very nearly 16'. 
ac value of the total equation which had been befoie determined by ob- 
ion. 

Hi. Bradley found by obseivation, that the orbit of the Jouvlh satellite 
Llijitical, and made the greatest equation 0°. 48'. Befoie this was publish- 
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ed, M Maraldi had obseived, that M Cassini’s Tables eired neaily two 
hours, and always the same way, when Jupitei letmned to the same point of its 
oibit , and that the eiior was notlung, when Jupiter was at its mean distance 
Tlusmight evidently anse flora the excentncity of the oibit, foi as Jupitei 
levolved about the sun and earned the mbit of its satelhte with it, m one re- 
volution of Jupitei, the apsides of the oibit of the satelhte would hai e had eveiy 
position in lespect to the sun , so that the satellite would sometimes come into 
opposition to the suu when it was mits lowei apside, wheie its motion was gieat- 
est, and theiefbie the eclipse would happen sooner than it its motion was 
unifoim, sometimes the echpse would happen when the satelhte was in its 
highei apside, and then its motion being slowest, the echpse would happen 
latei , sometimes the echpse would happen when the satelhte was at its mean 
distance, and then the tiue motion being equal to its mean, the time of the 
eclipse would happen at tlie time by computation accoiding to its mean mo- 
tion Flora a corapaiisou of the tiue and mean place of the satellite in its oibit 
M Maraldi found the equation ol the centei to be 55' 56" According to 
the Tables of M WAnocENriN, this equation amonnta to Ih o' so" The at- 
tiacUons of tlie other satelhtes do not sensibly affect its motion , but m" 
Baillt found two oi three small inequalities aiising fiom the action of the sun 
he fixed the equation of the centei at 50' 20", and the motion of the apsides 4>s‘ 

1 8" in a year In the yeai IVIY, Di Beadlet found the place of the apside tp 
be 11’ 8“ , but the obseivitionsm 1671, 1676 and 1677, leqmie the place in 
1677 to be 10’ 14% hence, he fixed the motion at about 36' in a year , and 
found this to agree veiy well with obseivations M Maraldi made the mo- 
tion of the apsides 44 15 in a yeai , and the place of the apside lO' 29° 22' 
foi the bcgmmngof 1700, and the moan longitude at tliat time 7* 17° 18' 2" 
Upon this hypothesis, he computed 152 observations, of which not aboie 30 
diftcied more than 5J minutes from observations, amongst which, 4 only differ- 
ed 10', and only 3 differed is' This was nearer than could h ive been expected, 
considciing that the disturbing force of Saturn was not considered 'Tlie mo- 
tion of tlie apsides aiiscs partly fioin the attiaction of the sun, and paitly from 
the figuie of the body of Jupitei But it being uncertain whethei Jupitei be 
homogeneous, 01 what is die accuiate ratio of nts diameteis, the part which 
aiiscs from the figiiie of the planet must be very unceitain M de la Place 
found an equation of l' 54" of a degree, winch depends on tlie action of the 
sun and on the distance ol Jupitei from its aphelion, this is similai to the an- 
nual equation of the moon , and another of about 28", which answers to the 
evection of the moon 

425 M Maralw found the excentncity of the oihit, in the mannei dc- 
sciibed in Aitlcle 340 In the coi^unction on Apiil 6, 1708, he found the 
place of the satellite on its oibit to be 5’ 27° 55' 26", and on Maich 3, 1753, 
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to be 3* 15° 51' 7", hence, the trae motion was 9' 17° 55' 41 ", but the mean 
motion m the same time was 9' 19° is' 5", or 1° 17' 24" greater Between the 
observation in 1708, and one on August 4, 1759, he found the true motion 
greatest by 34' 28", hence,half the sum of 1 ° 17' 24" and 34' 28", oi ^ 5 ' 56" 

IS the gi eatest equation of the oibit * 

426 The reduction of the oibit of a satellite to the oibit of Jupiter, furnishes pig 
another equation Let J be the centei of the shadow of Jupitei, JVt the mbit, 
of the satellite, diaw Iv perpendiculai to JVJ the plane of Jupitei’s oibit, and 7c 
peipendicular to and take iVteJV/ The point a is heie called tlm con- 
junction of the satellite, that point upon the mbit having (268) the same longi- 
tude as the point 7, or J upitei , at c is the middle of the eclipse, and ac is called 
the Reduction , when the satellite is at it is in conjunctelia lU lesnect to th<»* 
mbit of Jupiter The lednctmn is subtractive when the argument of latitudfil 

between 0° and 90°, and between 180° and 270 °, and adddtve foi the othei 
two quadrants 

M de la Lande, in the last edition of his Aslionomy, has given new Tables 
of Jupiter’s satellites, computed by M dc la Lambre, fioin the theory of then 
mutual attractions, given by M dc la Place, in the Mem de VAcad 1784, 1788t 
the theory gave the foira of the equations , the values of the co efficients weie 
deteimined from observation He also introduced the effect arising fiom the 
disturbing force of Jupitei In these Tables theie aie no empync equations 
and M de la Lande says they give the times of the eclipses to a degree of ac- 
curacy, beyond what ©ould be expected These Tables are given in Vol III, 


On iJie Eclipses of Jupiter* s Satellites, 

427 Let S be the sun, EF the oihitof the earth, 7 Jupitei, ahe the mbit of eig 
one of Its satellites When the earth is at E before the opposition of Jupitei 96 
thespectatorwillseetheimmersionata, but if it be the fust satellite, upmJ 
account of its nearness to Jupiter the emersion is never visible, the sitellite 
being then always behind the body of Jupiter , the other three satelhtes man 
have both their immersions and emersions visible , but tins will depend upon 
the position of the earth When the eaitli comes to 7’aflei opposition, we shall 
then see the emersion of the first, but can nevei see the immersion, and otw 
see both the emersion and imineision of the othei three Draw Elr , then sr, 
the distance of the centei of the shadow from the centei of Jupitei refeired to 
the oibit of the satellite, is measured at Jupitei by s) , oi the angle slr^EIS 
the annual par allax The satellite may be hidden behind the body at r without 
being eclipsed, which is called an OccuUation When the earth is at E, tlie con- 
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junction of the satellite happens latet at the eaith than at the sun , but when the 
eaith is at Fy it happens sooner 

428 The diametci of the shadow of Jupitei at the distance of any of the 
satelhtes, is best found by obseiving the time of an eclipse when iL happens at 
the node, at which tune the satellite passes tliiough the centei of tlie shadow , 
foi the time of a synodic revolution the time the satellite is passing thiough the 
centei of the shadow 360° the diameter of the shadow in degrees But 
when the fiist and second satellites are in the nodes, the immeision and emei- 
aon cannot both be seen Astronomeis thei efore compaie the immeisions some 
days hefyre the opposition of Jupiter with the emersions some days after, and 
then knowing how many synodic revolutions have been made, they get the time 
of the tiansit thiough the shadow, and thence the degrees coiiesponding But 
on account of the excentiicity of some of the orbits, the time of the central 
transit must vary for example, the second satelhte is sometimes found to be 
2// 50' in passing thiough the centei of tlie shadow, and sometimes 2/j 54' , 
Bus indicates an excentiicity 

429 The duration of the echpses being very unequal, shows that tlie orbits 
are inclined to the oibit of Jupitei , sometimes the fourth satelhte passes thiough 
opposition without suffering an echpse 'The dmation of the eclipses must 
therefoie depend upon the situation of tlie nodes in respect to the sun, just the 
same as in a lunar echpse , when the hne of the nodes passes tluough the sun, 
the satelhte will pass thiough the center of the shadow, but as Jupiter 
levolves about the sun, the hne of the nodes will be earned out of conjunc- 
tion with tlic sun, and the time of the eclipse will be shortened, as the satelhte 
will tlien dosciibe only a chord of a section of the shadow instead of the di- 
ameter 

430 Let 8 be the sun, I Jupiter, Nhnv the plane of Jupiter’s oibit. Neon 

' the Dibit of one of its satellites, Nn the hne of the nodes , chaw la, Ib per- 
pendicular to JVw, and ah peipendiciulat to the plane Nlm , and let c be the 
point in opposition to the sun, and draw cd perpendicular to Nbtw Now 
the angle alb is the inclination of the oibit of the satelhte, whose sine we will 
call s, to radius unity, and put r=zla, then l s r abs=sr , and if = the 
Bine of Nc the distance of the node fiom opposition, 1 sr v cdzz'vfr the 
latitude of the satellite at the tune of opposition Let AFBG be i section of 
jthe shadow of Jupiter where tlie satelhte passes thiough, NAIB the plane of 
the oibit of Jupiter, Nmt the oibit of the satelhte, and draw Ic perpendicular 
to Nt, thenJc=»sr, putjB = 7J, dr=mc , then ^/R* — , hence, 


But R, r, and d may be taken in time, 
w 

sent the half duration of the echpse, call that time d , 


that is, d may repre- 
and R may lepiesent 
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iialfthe gieatest duiation, call this B! And to find me tune the satellite js 
jn passing tliiough a space equal to r, put /=an aic of 57° 17' 45", ■which is 
equal m length to ladms , hence, 360° 57° 17' 45" the time of a synodic 

de volution ’ the tune ?' of desciibing a space equal to r, hence, s=i 

~ — thciefoie the semiduration be guen, and the place of the 

node, the inclination of the oibit will be hnown , and if the inclination be 
given, we have d'=Y/J?'* — the half duration This will be a little affect- 
ed by the distuibing foices of the satellites, and the excentncity of the oi bits 
M Bailly estimates what this distuibing foice is , but as it depends upon the 
quantity of matter in the satellites, which cannot be determined to a gieat de- 
gree of accuiacy, any collection of that kind must be sul^ect to a pioportioual 
degiee oferior 

Ex On Novembei 19, 1761, at 6 o’clock, the inclination of the mbit of the 
fourth satellite was 2°, 36', and the distance of the node fiom Jupitei 46° 43' , 
also, the gieatest duration was 27/ 23', according to M de la Landi Hence, 
r:=27i 23', S=,04536, t)==,72797 , theiefore d'—lh 6' 6" the half duiation* 
Wlien Ic=IA, 01 vsr'=:Ii', the satellite will not entei the shadow, but just 

touch it , hence, Now by the Table, to Ait 466, it appeals that B' 

may be repiesented by 2° 8' 2", r' being repiesented by 57° 17' 45", Hence, 
W=,8209 the sine 11', within whiclt .distance must the node be from con- 

junction, in order that there may be an eclipse, 

431 Draw Iv perpendicular to BN", then in the right angled triangle lev, 
if we know Ic and the angle vie (the complement of cIN), wc shall know cv 
the distance from the middle of the eclipse to the conjunction of the satelhte 
The supposition that mt is a straight line, pioduccs no euoi of any conse- 
quence 

432 Hitheito we Imve supposed the section of the shadow of Jupitei to be 
a circle , but as Jupiter is a spheioid, and not a spheie, and the plane of its 
equatoi veiy neaily coinades with its mbit, we should considei the sec- 
tion of the shadow as an ellipse and not a ciicle, the major axis of which 
IS neaily coincident with the orbit M de la Lande therefore pioposes 

the following correction Let AFBG be the section, supposed to be a fig, 
circle, AxB^ the elliptical section of the shadow, and diaw nm paiallel 98 

andne', wc peipendicular to Jr Let nc be half the duration^ then, upon 
supposition that the section was ciicular, the same half duiation would be re- 
piesented by me , so that the distance Ic before computed the tone distance 

VOL. n 11 ^ 
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Id (by the piopcity of the elhpbc) IF 1% , hence, Id=J^'x, Ic=J^^x 

^IF — dr^ consequently ^ X thcicfoie s=^, » 

ii, 1 vnd d being cxpicssed by iJ', r' and d' m time M de H Lande puts 

Ix IF 13 14, and ihciefoie s=~ x ^/^ To find the inclination 

14 tr 

ol the 01 bit of the fourth satelUte upon this supposition, M Waroeniin sup- 
posed the limit of the distance of the node horn conjunction to be 55® 1 1' 10" \ 
and upon supposition of a cnculai section, he found the inclination to be 2° 
36', hence, by dimimshing tlic sine of the inclination in the latio of 14 13, 

he found the tuio inclination of die oibit to be 2° 24' 51" 

43 J Tlic oibit of the sceond satellite is found to change its inclination, the 
pcnod of whicli eliaugc is SOyeais M Maraldi found the least inclination 
at the beguuungof the ycais 1672, 1702, 1732 and 1762 to be 2® 48', and at 
the beginning of the ycais 1687, 1717, 1747 and 1772 he found the gieatest 
inclination to be 3® 48' 'The mclination of the oibit of the fiist satellite, 
upon winch he made the motion of the node of the second depend, i6 3® 1 8', 
calculated foi a ciicular section, which is a mean between the gieatest and least 
inchnations of the orbit of the second This deteimination of M Maralui, 
combined with die libi ition of the node, made his calculation of the eclipses 
agiec vciy well with obseivations , foi of 122 which ho calc dated, only 12 
difi^cied inoic tli in l minute Accoiding to the new Tables of M Waroiniin, 
the least iiiclm ilion is 2® 46' ind the gieatest 3° 46', upon supposition that 
die section of die shadow is i ciicle 

434 This vauation of the inclination of the orbit of the second satellite aii«es 
fiom the libiation of its nodes M. Mabaldx, by anobseivation on Octobci 
18, 1714, found the pi ice of the node to be 10 21® 21' 45", and by an 
obseivatwm on September 11, 1751, he found the phi e of the node to be 10* 
0® 54' 9", the (itfference ol which is 20® 27' 36" for the whole libiation of 
the node, supposing that these were die cxtiemc points, jl|,ence, its lulf, lO® 
13' 48" shows the libiation fiom the mean place, whididaeiefoie is 10* ii°< 
8' M Waroentin makes it 10’ 12® 15' M de la Lande fiist pointed out 
Hus hbradon of the nodes, and the consequent change of the inclinations oi 
the otbjfis In consequence of this, M Bully proposed to explain this motion 
of the nodes and vauation of the inclinatron, in the following mannei, similai 
to tba^liy whinh M de la Lanre explained the changes of the inchnations of 
die oiblii ef plhwets, 

}.iQ. 435 X^t JlC be the cwbit ef Jupder, CB the orbit of the satellite which 

99 IS distuibcd by l^e Wfituoti of annthei naibelhte moving in the orbit BJj so 

1 
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that we may suppose the oi bit jBC first to have been in situation JB' , the 

angle B is the mutual inclination of the two oibits, which is supposed to bo 

constant, let^J? be the movement of the node of the otbit CB which is dis- 

tuibed, upon the othei oibit AB, in any given tune , then AC is the motion of 

the node upon the oibit of Jupiter By Tiigonometiy (Piop 4>5 and 43 ) tan 

tan B X sin AB i ^ „ 

■— — ^ ^ and cos C=:— cos Bx 
cos, AB X cos A X tan B + sin A 

Now to deteimine when Af C becomes a 
tan B, bz=iCos A, m=sin BAG} 

:0 and iG" 


AC: 


cos ^ — sin ^xlan Bxcos AB 
maximum, put ^ = tan AC^x = sin AB^ a 

1 C[^ ^ 

then 3/=—; — .=:a maximum, whose fluxion being put 


G&y/l — a** +m 


duccd gives l the sine ofAB, when AC 'is a 

m tan A 

maximum, wheie AB is gieater than 90°, foi from the tan of AC, it appeals 
that increases till AB is greater than 90° The motion of the node of the 
second satellite upon the orbit of the first is found by obseivation to be about 
12° in a yeai, and therefoie it completes its revolution in 30 ycais, hence, 
at the end of SOyeais, the node of BC upon the oibxt of Jupitei will letuin to 
the same situation, and to the same inclination Hence, the node C has a 
movement of hbiation about ^ , if 6 be the utmost limit of the node of BC 
fiom A on one side, and a on the other, the node will hbiate between a 
and b 


436. The two in clinations A and C are not equal at the limits a and b, for 
as cos C=cos Bxcos ^ — sin, Ax tan Bxcos -4 B, therefoie when the in- 
clinations become equal, cos C=cos. Bxcos. B— sin 6*xtan Bxcos AB, 

hence, cos ^B=— CxTan^B^ ’ which being negative, shows tliat AB is 


gieatei than 90° Also, sin AB= t lT 
tciii J3^ 

=\/ 1 which IS the sine of AB when AC is a maxinmm, and (sup- 

posing A=C) vfe deduce lr=cos, B’, which is absurd, consequently the inchn- 

ations aie not equal when 1C is a maximum Also, as 4 / 1 

^ tan B*xtan C* 

IS greatei than ^ 1 and both gieatei than 90°, the two inclinations- 

become equal before the node comes to its limits 

437 From an eclipse of the third satellite on January 25, 1763, the half du- 
lation of which was 43', M, Maraldi found the inclination 3°. 2 $', 41 % sup- 



ON THE ECLIPSES OP JUPITEe’s BA.rELllTE9, 

|/(Jsing the semuh'im1ll!ei of the shadow to be Ih 47' 10", and to be circular 
In 1745, It was found to be gieater by 7y, but fiom 1763 it has appealed to 
dccieasc, foi in 1769 it was found to be 3® 23' 33" M de la Grange judged 
the pcuod of its augmentation, to be 195 yeais, M Bailly made it 200 yeais 
M W-VROENTiN mule the least inclination to be in 1697, and the gieatest in 
1782 M Maraidi made the peiiod 132 ycais, finding the gieatest inclina- 
tion in the ycais 1633, 1765 to be 3° 25' 57", and the least inclination 3° 2' 
in tlic jear 1697 Upon this he computed die mchnation foi eveiy intei me- 
diate tunc, with the libiation of the node aiismg fiom the atti action of the first 
silcllite But some of his computations make the duiation of the eclipse cri 6', 
which leiidcis his peiiod veiy unceitam M de la Lande has foiuid the in- 
clination of the tliiid sitcliite by Ait 435 The annual motion of the node Ji 
of the thud upon the oibit AB of the fust wvs found to be 2° 43' 38", 2, and 
thuefoic it was 27° 16' 22' between tlie obseivations made m 1763 and 1773 
a peiiod of 10 yeais, let AB=2T 16' 22', the angle yi = 3° 14', and the 
angle jB = 12', hence, the angle C=3° 24' 44", the mchnation of the oibit of 
the thud satellite m 177s Also, /iC=l° 32' 24", the libiation m that inr 
teival 

438 The inclination of tlie oibit of the fouith satellite is 2° 36' accoiding 
to M Maraldi, with veiy little, if any, vaiiation Di Bradley made it 2°, 
42', M Wargentin, in 1781, found an inci ease of 1' oi 2' in tlie five list 
jeais, and he estimated it at 2° 38' M de la Lande makes it 2° 36' in a 
ciiculai, and 2° 24' 5i" in an elliptic il shadow 'Uio motion of tlie nodes of 
this sdtelhte, which is 4' 19" in a yeai accoiding to M ■Warginein, ought to 
pmduce a change in the inclinition, and M Baiily thought tint in 1720 the 
mchnation was a little diminished, the nodes of the fust and fouitli satellites 
then CQinciding M Maraidi could not leconcile the scmiduiation of the 
eclipses with any vaiiation of inclination, oi motion of the node , yet in sup- 
posing the inclination to be constantly 2° 36', and the semidiametei of the sha- 
dow to be 2° 8' 2", and the place of the node in 1745 to be 4? 16° 11', with 
an annual piogressivo motion of 5' 33', his computations have agiecd veiy well 
with obseivatitln 

439 M de la Place has shown, that the nodes of tlie fonith satclhtc have a 
letrogiadc motion in a phne which passes between Jupitei’s equator and oibit, 
inckned to the foimei at about half a degiee The plane of the dibit of the 
fourth prcseivea a constant inclination of 14' oi 15', and a ictrogradc motion of 
the nodd of about 85' in a year upon this plane This theoiy will satisfy all die 
observations, and explain why tlie inclination is constant, and the motion of tlie 
nodes direct This lesults from the action of the sun and of the othei satel- 
lites, and fiom the flatness of Jupiter 

440 Tlie mchnation of the fourth satcihte being consideiable, it maybe 
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found by finding the minoj axis of the ellipse which ft appears to desciibe 
\\ hen Jupiter IS 90° fiom the node, which is done by obseiving its appaient 
distance fiom Jupiter in its conjunctions, which is the seini-ininoi axis, and the 
semi-major axis being the gieatest elongation, the lattei is to the foimei as ia» 
dius to the sine of the inclination- 


On the Nodes of the Orbits of Jupiter’s Satellites 

441 Ihe place of the nolc may be dcteimmed at the time of the gieatest 
duiation of an eclipse, foi at that time the plane of the oibit of the satellite 
must pass through the sun, and theiefoie the place of Jupitei at that tune gives 
the place of the node Oi the place of the node may be found by observing 
two eclipses of the same duration on each side of the node, m which case the 
place of the node will bisect the two situations of Jupitei This method sup- 
poses that Jupitei has moved unifoimly in the intei mediate tune, and that the 
nodes of the satellite lemaincd fixed On Maich 12, 1687, Flamstead ob- 
seived the duiation of an eclipse of the thud satellite to be 2/i S3', Jupitei ’s 
hehocentuc longitude at that tune being 8’ 11° 58' On December 6, 1702^ 
the duiation was exactly the same, and the hehocentuc longitude of Jupitei 
was 0® 15° 21', hilf the diftcience of these longitudes added to the fust 
gives 10® 13° 29' foi the place of the node neaily Oi the place of the node 
may be found when the satellite passes in a light line ovei the disc of Ju- 
pitei, which may be obseived by its shadow upon Jupiter This we may, 
deteiraine fiom the belts, as the motion of the satelhtes is veiy neaily in then 
diiection 

442 In the yeai 1693, M Cassini, in his Astioiromy, places the nodes of ill 
the satellites in lO® 14° 30' Di Bradley thought the place of the nodes of 
them all in 1718, to be 10® ll°,5 Fiom obseivations since, it appeals that 
the nodes do not all coincide The node of the first satellite is found to be 
in 10® 14° 30', and observations show that it has no sensible motion 

443 According to M Wargentin in his first Tables, the place of the node 
of the second was 10' 1 1° 48', fixed , but m his new Tables he gives it a pio- 
giessive motion upon the oibit of Jupiter of 1° 42', in respect to the aphelion 
of Jupitei in 100 years M Bailey gives the node a hbiation of 9° 21 ' M 
Maraldi makes It 8°. 42'^ M de la Grange makes it li° 27' The mean 
place of the ascending node 16 10® 13° 52' accoidingto M Maraldi The 
nodes of the third and fourth satellite have a like hbration about the nodes of 
the first, whilst the nodes of the fiist have a libiatoiy motion about a point as 
the mean place, 

444, The mean place of the node of the third satellite is constantly in 10* 14°, 
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accov3»pg to M "VI^ABGENTiif M Mabaldi supposes li to have a motion 
of about 3' in a year , and as we have seen (437) that the inclination is sub- 
feet to a change, it may be necessaiy that the nodes should have a motion to 
account foi it 

445 Tiom the tlieoiy of attiactxon, Di Bradeet thought that the nodes of 

the satellite ought to be tetiogiade , the motion would be rttiogiade 

fiom the attiaction of the sun only, but the attiaction of the othei satellites may 
make it diiect , and obaeivations show that it is direct, Accoiding to M Ma- 
RAEPi, its place in 1745, was 4’ 16° 11', with an annual motion of 5' 33" 

M Bailey finds it s’, is", M Waeoentin placed the node in 1760 in 10% 
16° 39', and gave the node an annual motion of S' 18" m lespect to the aphe- 
lion of Jupitei, which gnes 4' 15" in lespect to the equinoxes 

446 M Bailey, fiom his Theoiy, deduces the following conclusions lespcct- 
ing the motion of the nodes — l Ihe node of the fust has a libiatoiy motion 
about its mean place of 18', of which tlie penod is 30 oi 33 yeais — 2 The 
node of the second hbiates about the same point, about 9° 37', with a peiiod 
of SO or 32 years, — 3 The node of the thud has a hbiatoiy motion about tho 
same point, of about 3° 53', of which the period is about 200 yeais — 4 The 
node of the fourth hbiates about the same point, about 12° or 13°, with a pc- 
iiod of 4 01 500 yeais — 5 'This point, or the mean place of the node of tho 
fiist satclhte, about which the nodes of the other satelhtes hbrate, has a letio- 
grade motion upon the oibit of Jupitei of 33' so* in a year, from tho disturb- 
ing force of the sun, M, Bailey, fiom his Theoiy of the satelhtes, has com- 
puted a set of Tables of the motions of each 

447 The ascending nodes of the oibits of all tlie satelhtes wc may consider 
in 10’ 15°, m all cases wheie great accuracy is not lequiied When Jupiter 
theiefoie is in 10* 15° and 4* 15°, the planes of the orbits pass through the 
sun, and to a spectator, theie situated, the satellites would appeal to dosciibe 

no stiaight hues, as u4B, in die dnection of the belts, in any othei situation of 
100 Jupiter, they would appear to desenbe an ellipse ^en Jupitei comes 

to 1* 15° and 7' 15° the rainoi axis becomes tlie greatest, and in that situation, 
the m^or axiff^ minoi rad sme of tho inclination of the oibit of the planet, 
in any other situation of Jupiter, the minoi axis is at the sine of the distance 
of Jupiter fiom the node As Jupiter passes fiom lO* 15° to 4* 15° the j^rl/iest 
semicircle of the oibit of tho satellite appears most to the noith, oi, as we may 
express it, highest, and therefore it wiU be lepiesented by JmJ3 , but as the 
pladdb passes fiom 4* 15° to 10% 15° the nearest semiciide will appear high* 
est, and tbftiWEbre it will be repiesented by AmB. Hence we may judge of 
the situation of the satelhtes in reflect to the position of the belts, oi to the 
line AB , a circumstance which we take into consideration in the configura- 
tion of the satellites i we will eiqilain this by the example there given The 
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heliocentne longitude of Jupiter is 9’ 23® 5', consequently AmB lepresents 
tile seinicucle , hence, m is the inferior conjunction and n the supeiioi, 

ind theiefore n has the same longitude seen fiom Jupitei, as Jupitei has flora 
the sun , that is, the longitude of the point n of the orbit of the satellite is 9^ 
23°, omitting the minutes , hence, the longitude of A is 6’ 23°, of B O’ 23° 
and of m 3’ 23° Describe the ciicle AmBfi, now the longitude of the fiist 
satelhteis2’ 21° , hence, set off ^a = 2’ 21°-o’ 23°=i’ 28°, and diaw 5 
peipendiculai to AB, and s will be the place of the satellite, and a> the appa- 
rent elevation aho've the line of the belts , in like mannei the situations ol the 
otheis maybe found If foui figuies of a considciable swe, and of the piopei 
piopoitions, be thus descubed about J, andmeich, AB mn lad sin of 
tlie inclination of the oibit x sine of the distance of Jupitei flora the nodes, and 
the ellipse be accurately drawn, and the oibits divided into every 5°, the situa- 
tions of the satellites will, flora inspection, appeal sufficiently accurate The 
spcctatoi has heie been supposed to be at the sun, if he be at the eaith, the 
appearance will be very neaily the same, however, when Jupitei comes near to 
the nodes, it maybe consideicdat what time the planes of the mbits pass 
through the eaitli instead of the sun 


t 

Oji the Magnitudes of Jupiter’s Satellites 

448 The satelhtes appeal so small m the field of view of a telescope, that 
they cannot be measuied by a raicioraetei, then magnitudes have theiefoic 
been deteirained fiom observing the times they aie enteung into the shadow 
of Jupitei, in a cential eclipse , but this must always give then diaineteis too 
small, as wc cannot tell the instmt the satellite touches the shadow , a ceituii 
quantity of light must be lost befoie the eclipse appeals to begin, and it must 
become invisible befoic it be wholly immersed in the shadow Then ma'i-ni- 
tudes have also been found fiom measuiing the diameteis of then shadows 
upon the disc of Jupitei , oi by observing how long they aie enteung upon the 
disc of Jupitei when they pass centrally ovci it By the obseivations of Mi 
Lann (PM ^ Trans J Mi Whiston found that the fust efiteied into the sha- 
dow in 1 10 , the second in 2 20 , the thud in 3* 40” and the fovw-th in 5' 30', 
when they entered peipendiculaily , hence then; appaient diame^fs seen fiom 
the centei of Jupitei become known Fiom this he deduced the magnitude of 
thetlnidto be veiy nearly as big as the earth, the fiist nearly as big, the 
second a little less than the first , the fourth the least of all, and a little gieatei 
than the moon M Wargentin coinpaied the shadows of the satellites upon 
the disc of Jupiter, from which he found the thud and fourth to be five oi six 
tunes gi eater than the fiist, and the second to be half as large as the first M 
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Maraldi having examined and calculated thiee obseivations of M Cabsini 
made in 1695, found that the fiiat satellite enteied upon the disc of Jupitei in 
7*, the second in 9* 40*, the thud in 12^ 6*, and then continuance upon the 
disc was 2A 27', 3/i 4 20' and Sh 43' 38" lespectively , m lespect to the 
fouith, he concluded fiom the Tables that it ought to be 15' m enteiing upon 
the disc, and 5h in its contmUipce upon it, hence he deduced the diametei 

of die third to be ^ of that of Jupiter, and of the thiee otheis — The dif- 
18 20 

feience of these conclusions shows that no gieat dependance can bo placed 
upon them The disappearance of a satelhte will be latei the bettei the teles- 
cope IS, and It will appeal soonei M de Touchy observed, that the ths- 
appeaiance and le appeaiance of the satelhtes depended on the distance of 
Jupiter fiom the sun and eaith M de Barros obscived, that diffeient states 
oftlie atmospheie, diffeient altitudes, and their distance fiom Jupitei, would 
influence the tunes of their appearance and disappeaiance All these cir- 
cumstances, so fai as they cannot be considered, must tend to rendei the 
measures of their diameters veiy unceitam Mr Whiston obseives, that 
the comparison of the obseivations shows that the quantities axe sometimes 
considerably largei than at otheis Longitude discovered by Jupiter* s Planets, 
page 5 

The following Table contains thediameteis of the three first satelhtes as seen 
firom Jupiter, according to Cassini, Whiston and Bailly , the fouith as de- 
teinuned by M de la Lande 


Satel- 

htes 

Cassini 

Whiston 

Bailly 

I 

II 

III 

59' 4" 

88 1 
24 59 

60' 58" 
28 25 
S3 40 

60' 20' 
29 42 
22 28 

IV 

13' 32' 

IT 19' 

9' 39" 


449 If their diametei s could be ascertained to any gieat degree of ceitainty, 
fheit quantities of matter would still be very unceitmn, because their densities 
are Itot known Astronomers have endeavoured therefore to find out their 
quantities of matter flrom observing the quantities of the effects produced by 
their actions upon each other Trom supposmg the masses of the fust and 
third equal, M de la Granoh found, fiom Ihe inequalities which they produce 
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m the second, that then masses wei e 0,00006869, that of Jupitei being = i M 
Bailey found it 0,0000638 flora the same supposition ^ ^ 

Of whichTl*"?^'^ second flora the inequalities which it pioduces in the fiist, 

IS 0 0000241 ioundby M BAiLLYto be 0,0000211 , it 
IS 0,00002417 according to M de la Grange 

The mass of the thud, flora its effect upon the movement of the node of the 
second ip conjunction with the fiist, is according to M Bailey, 0,00007624, 

It eauTii tr®"? 7T * i^etion of the second, supposing 
Grange^ fiist, it is 0,0000638 , it is 0,0000687 accoiding to M de la 

f Ins upon the thud, is 

not easily to be deteimined , M Bailey made it 0,00005 

satelhS! of r'’ ffis'^rves, represent very well the motions of the 

elhtes, of then nodes, and the variation of their inclinations , we may theie- 

fore conclude, that they aie pretty accuiately established, and at the same 

the dlstfr''^' accoiding to the inveise squaie of 

the distance, will explain all the phaenoraena of the satellites In lespecl to 

ard'C‘'difdens?''‘^^'’ ^‘P°“ J»Pter, its Lsity, 

out the method by which we may, fiom the observed motion of the apsides 
deduce the law of tlie vaiiation of the density ^ ’ 

fh»^of T the masses of the satellites to be as follows 

=0,0000173281 , 2nd, 1 

0,0000232355 , 3id, =0,0000884972, 4th, =0,0000426591 

On the Constructton of the Epochs of the Mean Conjunctions of Jupiter’s SateUites 

conjunction is the moment when the satelhte 
arrives the fiist time eveiy year at the mean place of Jupitei, leckoned unon 
he orbit of the satelhte, diminished by the sum of the inaLa of aU the equa" 

! ?Td?^ expressed m time), in oidei to lender the equatmns 

al additive , the maxima of the equations being added to the equations them- 
selves in order to make up for that subtraction For example, Ve first equa 
tion of light, at Its maximum, is 8' 7",5, the time tlierefoie is, in the epoch 
iininished by this quantity Now let us suppose that at the time we are 
making any computation, this equation of light is ±4', then the equation, as we 
shdlfind It, IS 8 7 ,5 ±4 = 12' 7",5 oi 4' 7",5, both additive, and this is ma 
mfestly the same as if 8' 7",5 had not been subtracted at first, and the equatm 

±4 applied, what was at first subtracted being now added , and as we add the 
vor I p- 
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maximum, the quantity by which it is dimimshed can nevei lender it negative 
It IS the same with all the othei equations, except that depending on the ex- 
centricity of Jupiter’s oibit, which being vaiiable, does not admit of this 
method All the epochs aie thus put down, andtlie computations aie icndeied 
inoie easy and simple by making the equations additive 

451 To find the epoch for any yeai, we wiU take and explain tliat Example 
which IS given by M de la Lande in the last edition of his Astionomy, Vol 
III pag 185 On January 2, 1764, the fiist satelhte was echpsed, the tiner- 
sion of which was at lO/i 27' 44' mean time, at Pans Now to make tlie equa- 
tion of time always additive, we must subtract 14' 42" which is the greatest 
equation subtiaetive, and we have lOh IS' 2" foi the time of the emersion, ac- 
cording to the constiuction of M Wargentin’s Tables 

The distance fiom the node was 60° 17', the semidiameter of the shadow 
ih 7' 55 ", and the inchnation of the oibit 3° 18'!^, hence, (4 SO) thescraidu- 
lation of the eclipse was l7i 4' 5l", therefore the time of the middle of the 
echpse was 9h 8' 1 1" Eiom this we must deduce the lime of the mean con- 
junction, by applying all the equations for that time 

The mean anomaly of Jupitei was about T 8°,5, and the equation of its oibit 
was 4° 5l' so" additive, which convcited into time (419) accoiding to the mo- 
tion of the satelhte, gives the equation 84' 39" to be subtracted fiom the middle 
of the eclipse, and hence there remains 87i 38' 32" 

Fiom Alt 420, the m iximum of the Jirst pait of the equation of light is 8 
7",5 , but at the time of the cchpse the equation was found to be 7' 0",5 addi- 
tive hence, we have to subUact only l' 7", which gives the time 8/i 

82' 25' , „ 

The maximum (420) of the second pait of tlie eqiution of light is 2' 2",5 , 

but the equation was 59", 5 additive at the tune , thcrefoie we must subtract l'. 

8", which gives 87i 8l' 22" , m ^ » 

The maximum (421) of the equation, marked in the Tables C, is 3 30 , 

but that equation at the time of the eclipse was O' 27' additive, hence, we have 

to subtract S' 3", which gives 87t 28', 19" 

The small equations which come fiom the incquahties of Jupitei amounted 
at the same time to 15" subtractive , and tlic maximum being l', we must sub- 
tract 1' 15", which gives 87i 27' 4". 

Lastly, we must subtract 1 7" foi the i ediiction (426), and ive have &7t 26 
47" on Januaiy 2, but it being bissextile, we must subtract one day, which 
gives January 1, 1764, 87i 26' 47* for the epoch of the mean conjunction for 
tJiat year, by M "W Argentines construction of the Tables 

452 Having shown how the epochs for any yeai are established, we have 
only to show how they are earned on for any number of years Accoiding to 

S 
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M Wargentin, the synodic levolution of the fiist satellite is \d 18/i 28' 
35 ',947909, of the second, Sc? 13// 17' 53", 74893 , of the thii d, 7// 3/i 59 
35",86754, and of the foiiith, IQd 18// 5' 7",09174 Let us take foi oui ex- 
ample, the fiist satellite If we multiply Id ISJi 28' 35",947909 by 207 it 
gives 366d 8h 40' l",2l7l6, which is a common yeai of 365 days, and Id 8// 
40' l", 21716 ovei Theiefoie at the beginning of the next yeai the satelhte 
will be forwarder than it was at the beginning of the pieceding, by Id 8// 4o' 
1",21716 If we add again Id 8// 40' 1",21716, it gives 2d 17// 20' 2",43432, 
which being inoie than a levolution, by subtiacting a levolution fiom it, we 
get Od 22// 51' 26", 48641, which is the quantity by which the satellite will be 
foiwaidei at the beginning of the second yeai If to this we again add the 
same quantity, it gives 2d 1h 31' 27", 70357, which being inoie than a levolu- 
tion, by subtracting a levolution from it, we get Od 13// 2' 51", 75566, the 
quantity by which the satellite will be foiwaidei at the beginning of the thud 
yeai But as the fouith year is supposed to be bissextile, the epoch will take 
place on the fiist of Januaiy, theiefoie this yeai consists of 366 days, and con- 
sequently contains 207 levolutions and Od 8// 40' 1",21716, this theiefore 
iddedto Od 13// 2 5l",75566 gives Od 21// 42' 52",97282 the quantity by 

which the satellite is foiwaider at the beginning of the fourth yeai, But as this 
yeai begins on the fiist of January instead of Decembei 31, in the mean mo- 
tions foi days, m Januaiy and Febiuary, we must take the day of the month 
one less than it is, as will be fuithei explained in the constiuction of the Tables 
Hence it appears, that if we begin at the epoch of any leap-year, and add to 
it Id 8A 40' 1",21716, Od 22// 51' 26",48641, Od, 13// 2' 5l",75566, and 
Od 21// 42' 52'',97282, the sums, rejecting a whole revolution when necessary, 
will be the epochs for the first, second, third and fourth years aftei Thus we 
may continue the epochs as far as we please In like mannei we pioceed with 
the arguments d, B, C, &c of the equations, rejecting a revolution wlien 
the sum exceeds it 


To jfind die Cortfigurahon of Jupiter* s Satellites at any Time 

453 1 Find by Tables I, II, III, IV, V, the mean place of each satelhte 
foi the given time, which will be sufficiently neai to the true place, except for 
the fourth satellite, for which we must apply the equation of the center, foi 
that purpose we must, with its mean motion, take out the place of its apside, 
which subtracted from the mean longitude gives its mean anomaly, to which find 
the equation in Table IX, and apply it to tlie mean longitude, and it gives the 
true longitude 

2 From the place of each satellite thus found, subtract the geocentric Ion- 
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gitude of Jupiter*, and in Table VI with that diffeience, find the coiiesponding 
nutnbeis, which repiesentthe appaient distance of each fiom the centei of Ju- 
piter in teims of its semidiameter When the aigument of this Table is less 
than SIX signs, the satellite will be to the east of Jupiter , when greater^ to the 
'west This IS Dr Halley’s metliod 

As the piincipal design of finding the configuiations of the satelhtes is to dis- 
tinguish one fiom anothei, the equation of hght is commonly of but httle im- 
portance, and may be neglected Oi if that accuracy be desired, compute the 
configuiation to any houi mean time, and then, add the equation of hght to it, 
and you have the configuration as they appear at that time Tlie opeiation is 
lendeied shoiter by calculating to an horn , and it will be sufficient if the places 
be calculated to minutes of a degree 

454 To find the equation of hght, fiom the sun’s longitude subtiact tlie he- 
hocentnc longitude of Jupiter, and with the lemaindei entei Table VII, and 
take out the fiist pait of the equation , and with the anomaly of Jupiter entei 
Table VIII, and take out the second pait The anomaly is found by sub- 
tracting the place of the aphelion fiom the longitude 


Ex To calculate the configuration of the satelhtes on Apiil 6, 1795, at four 
o’clock in the morning, mean time, by the cml account , oi on tlie 5d 16/i 
astronomical tune 


I II 


ms, 

1* 

25“ 

8' 

0’ 

15“ 

8' 

Maich 

10 

14 
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3 

44 

5 days 

9 

27 

27 

4 

26 

52 

16 hours 

4 

15. 

40 

2 

7 

85 


2 

22 

16 

11 

23 

19 

at Geo. 

10 

$ 

50 

10 

3 

50 
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18 
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1 
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III 



IV 
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11' 
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11 

85 
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17 

51 
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3 
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19 
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52 
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7 16 2 

East $,91 East%U West 141,95 West 1$,9S 


* The method of finding this will be shown in the Introduction to the Tables m the Third Volume 
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Hence, and by Aiticle 447, this Configuration 

Jti ^ D 

2 * ^ ^ ^ 

The line AJB shows the direction of fJie belts 


Sun’s longitude - 
Jupitei’s hel long 

- 0’ 

- 9 

17° 

23 

24' 

3 


Diffeience 

- 2 

24 

21 - 

Equation of light 8' 59" 

Jupitei’s aphelion 

- 6 

11 

4 


Jupiter’s anomaly 

- 3 

11 

59 - 

- Equation of hght l 37 


Total equation of hght 10 S6 


This configuiation therefore which is calculated for four o’clock mean time 
IS such as will appear at 10' 36" aftei four , but it will not sensibly diffei from 
the appeaiance at four To have computed the configurations as they appear 
at four o’clock, we must have computed foi 3h 49' 24" mean time 

455 The configuration at the same hour, for a month, may be very readily 
determined, without repeating the whole operation, in this manner The dif- 
ference from day to day anses from the addition of the daily mean motions, and 
from the variation of the geocentric place of Jupiter, the mean daily variation 
of which foi a month will be sufficiently accurate fiDr our puipose. As the geo- 
centric place of Jupitei is subtracted from the mean place of the sateUite, if the 
geocentiic motion be direct, subtract its mean daily variation from the mean 
daily motion of the satelhte , but if the geocentuc motion be retrograde, you 
must add, and you will have the whole daily motion to be apphed to the cal- 
culation for any one day in older to get the situation of the satellites for the 
next day , and thus you may continue the process for a month, at the end 
of which. It may be pioper to resume the first calculation, and then proceed foi 
that month in like manner. 

To take our example, I find Jupiter’s geocentric motion is direct, at the mean 
rate of about 2' in a day foi the month , subtract therefore 2' from the daily 
motions of die satellites, and we have 6’ 23°. 27', 3’ ii° 20', 1% 20° 17' and 
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0* 21® 32', foi the lelative daily motions of the fiist, second, third and fouith 
satelhtes in lespectto Jupitei , hence. 




I 



II 



4 

18° 

26' 

1* 

19® 

29' 
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23 

27 

3 

11 

20 

7d 

11 

11 

53 

5 

0 

49 


6 

23 

27 

3 

11 

20 

8d 

6 

5* 

20 

8 

12 

9 


6 

23 

27 

3 

11 

20 

Qd 

0 

28 

47 

11 

23 

29 



III 



IV 


9’ 

5® 

4' 

r 

16® 

2' 

1 

20 

17 

0 

21 

32 

10 

25 

21 

8 

7 

34 

1 

20 

17 

0 

21 

32 

0 

15 

38 

8 

29 

6 

1 

20 

17 

0 

21 

32 

2 

5 

55 

9 

20 

38 


Hence by Table VI, we get the following configurations 

- - West 1,84 East 5,94 West 8,75 West 24,38 

8rf - - West 0,54 West 8,31 East 8,79 West 26,38 

9d - - East 2,82 West 2,67 East 13,58 West 24,71 

As there is the same motion of the satellites to be added every time, it will 
be best to put them down upon a stiip of papei, and by laying it undei, the 
addition may be made fiom it without the tiouble of wilting the motions 
down cvciy time In this mannei we may lay down the configuiations with 
gieat expedition, and with moie accmacy than by the mechamcal contn- 
vances oi Flamstead and Cassini In the Example for the fouith satclhtc, the 
variation of the equation of the mbit is not consideied, which, in gcncial, is 
not necessaiy, as the configuiations are put down, only that we may know 
which the satellites aie , but if this satellite should be found very near another, 
it may be necessaiy to consider the equation of the oibit in Table IX 
The mean time at which these configuiations aie shown, may be reduced to 
apparent time, by applying the equation of time , thus the configuration on the 
sixth day at 10' 36" aftei four o'clock mean time, is 8' ll" after four apparent 
time , to have calculated theiefoie for four apparent time, wo must have calcu- 
lated for 3/i 51' 49" 

FIG 456 The principle upon which the sixth Table is constructed is this IjO 
101 E be the earth, X Jupiter, a the place of a satellite in its orbit , join El, and 

produce It to the heavens at m, and produce la to «, and draw ac perpendiculai 
to Ib Now m 18 the geocentric place of Jupiter in the heavens, and n the 
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tiue place of the satellite, iftheiefore from the longitude of the satellite, 
we sub ti act <r Jw the geocentiic longitude of Jupiter, we get wm, or tlie angle 
hla, whose sine ac lepiesents the apparent distance of the satellite from Ju- 
piter , if theiefore ac be expiessed in teims of the semidiameter of Jupitci, we 
shall get the appaient distance in semidiameteis, and in this manner the Tables 
are constructed 

When a satellite is approaching Jupiter, the figuie is put betvoeen Jupitei and 
the point , when it is receding., the hguie is put on the other side 


A TABLE 

OJ the apparent Distances of Jupiter’s Satellites from its limb at the time qf an 
Lclip'}e,Jor every tenth Day of Jupiter’s Distance fom Opposition or Conjunc- 
tion, by the Rev Dr Maskelyne, Astionomei Royal , from the British Man- 
ner’s Guide 


Dist mot 
ut Fuj)ilei 
fiom 
opposition 
Lotht 0 

I)i tance of the Satellites from 
Jupitti s limb it the Lclip es 
m stmidi urn tcis of Tupittr 
Tud decimal puts 

Distance 
of Jnpitei 
from con- 
junction 
with O 

Distance of the Satellite-, from 
Jupiter's limb at the Ldipbes^ 
in semi diameters oi Jupiter 
and deumal paits 

Days 

1 

II 

in 

IV 

Days 

I 

11 

III 

IV 

10 

0,20 

0,33 

0,50 

0,85 

10 

0,15 

0,25 

0,35 

0,55 

20 

0,40 

0,66 

1,05 

1,66 

20 

0,30 

0,45 

0,70 

1,25 

SO 

0,60 

0,95 

1,50 

2,65 

30 

0,40 

0,67 

1,05 

1,70 

40 

0,75 

1,20 

1,90 

3,35 

40 

0,55 

0,90 

1,40 

2,50 

50 

0,90 

1,40 

2,25 

3,95 

50 

0,70 

1,00 

1,80 

3,20 

60 

1,00 

1,60 

2,50 

4,40 

60 

0,80 

1,25 

2,00 

3,50 

70 

1,05 

1,70 

2,66 

4,70 

70 

0,90 

1,40 

2,25 

3,95 

80 

1,10 

1,75 

2,75 

4,85 

80 

1,00 

1,55 

2,45 

4,33 

90 

1,10 

1,75 

2,75 

4,85 

90 

1,05 

1,66 

2,60 

4,60 

100 

1,10 

1,70 

2,70 

4,80 

100 

1,10 

1,75 

2,70 

4,80 I 


The distances of the satellites fiom Jupiter’^ limb in this Table, aie to be 
measuicd^ either in a line with Jupiter’s equator, or longei axis, or in a line pa- 
lallel theieto , or, which is the same thing, to its belts ,, for the satellites gene- 
rally appear a little to the north or south of this line 

In this Table, the apparent distances are tliose of the regular eclipses, that is, 
at the immersions befoie opposition and emersions after , but at the emersions 
which are visible befbre opposition, and immersions after, the distances from 
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Jupiter's limb will be less than in the Table, by a quantity which is in tlie same 
pioportion to Jupitei’s diametei, as the dmation of the eclipse is to the longest 
duiahon when in tlie nodes 


Various Ctrcumtances respecting the Phcemmena oj the Satellite!, 

PIG 45*7 To find when an immersion and emersion are visible, let s be the center 
102 of the shadow AB, r the center of the disc of Jupiter CD, the ladius sn being 
expressed in minutes of the orbit of the satelhte, and m expiessed in the same 
meai^ure Let rs be a poition of the oibit of the satellite equal to tlie annual 
paiallax, expressed in minutes, which may be taken fiom the Nautical Almanac, 
and let AB and CD be lepresented as seen Irom the earth , let >wcn be the 
path of the satellite, then tlie immeision at W) being visible, the emersion at n 
will also be just visible, or latlier it is the limit In the tiiangle ms, we know 
all the sides, to find the peipendiculai nm on rs, which, as the oibit an is very 
nearly parallel to w, 18 veiy neaily equal tore, but (434) i,c—<oer , oi if we 
represent the radius r by pmty, sc=iVs ; make theiefoie mnzzvs, and we get w, 
the sine of the distance of Jupiter firom the node We have heie supposed the 
earth in the plane of the orbit of Jupitei , but as the eaith is not in that plane, 
It will make Jupiter appear a little higher oi lower m the shadow, by the lati-. 
tude of the earth seen fiiom Jupiter * this when gieatest is about 15', and vanes 
as the sine of the distance of the earth fiom the node of Jupiter, If rs icpiesent 
the orbit of Jupiter, in the fii&t six months of the year, the center of the shadow 
will he at i to the south of r, Hence, knowing sr and st, we can find die an-, 
gle srf,and rt, consequently we know the three sides of nit, to find the angle 
nrt, hence we know nrs , therefore in the tiiangle nrs, we know m, rs and the 
angle nrs, to find nm The latitude of the earth seen fiom Jupiter is neaily 
equal to one seventh part of the equation of the earth’s orbit (Mm, Acad^ 
1765), at least when Jupitei 18 about quadratures This is the method which 
IS given by M de la Lande, to determine when an emeision will be visible be- 
foie opposition, and an immeisiou, after opposition 
458 M de la Place, m the Mm, de V Acad 1784, in his theory of the mo- 
tions of the satellites, has deduced some very extraordinary conclusions, which 
^ confirmed by observations If y and r represent the mean motions of the 
first, second and third satdhtes, he has shown, that p— 5 '=t 2 j— 2r, orjp— 

j anad if ob, y, and z represent their mean longitudes, he has proved that 
4 ? - 3^ -V 2«=1 80®, The Tables therefore must always satisfy these conditions 
The last equation shows that the- three sateUites can never be eclipsed at the 
same time But it may be observeiL that the first equation is a consequence 
of the second, fqr the courespotfiltng mean longitudes will always be represent' 

3 
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eel by + and hence v+p—3 x 'y + q + 2xz + t =180°, fiom 

which subtract a — 3^ + 2s = 1 80% and we get p — 3q + 2r=0 M de la Placl 
makes the annual motion of the apszde of the thud to be 3% and of the fourth 
to be 37' M Baiuly makes the foimei 2% m his Tables, and the epoch foi 
1700, in IP 13% thelattei he makes 45' 18" In the Tables which we have 
heie added, the epochs of the apside of the fouith aie those given by M 
B-iilly, m his Es<iai sur la Tliewie des hctellite'i de Juptler 

459 The fiist satellite is most piopei foi finding the longitude, the Tables 
of that being the most collect , it is also the best on account of the greater 
velocity of the satellite, the instant of its appealing oi disappear mg being, on 
that account, moie ceitain It is better to compare an eclipse obseived undei 
one moiidun with an eclipse obsened under another, lather than with one com- 
puted, because of the imperfection of the Tables The obseiveis should also 
be furnished with the same land of telescopes, as the time when a satellite be- 
comes visible at an emersion, oi invisible at an immeision, depends upon the 
quantity of liglit which the telescope leceives, and its magnifying power it 
depends also upon the proximity of the satellite to Jupiter, aijd its altitude 
ibove the hoiizon M Baii lv has given us some Rules to coiicct the dif- 
icicncc aiising from these ciicumstances, these we shall, in biief,hcie explain 

460 As the satellite enters the shadow of Jupitci, its light diminishes by 
degrees, until the satellite becomes invisible, and it is of great importance to 
asceitain how much of the satellite is immersed in the shadow at the time it 
disappears M Fouciiy fii st obsci ved that this would depend upon the distance 

of the earth flora Jupiter Let PR be the shadow of Jupitei, LM the oibit no 
of the satellite, and let » be the center of the satellite mnrt&t the time it be- 103 
comes invisible, then mnr is the part not yet immeised, and which is called the 
tmsMe segment, let OQ be peipendicular to LM, and join Oc, and draw Omn 
Isow if we know sn, subtixct it from m, and we get Ui , hence we know Os 
-m 01 Ov, and knowing OQ, we know Qv, which i educe into time, and as 
OQ and Oc are known, we can find Qc, and thciefoie x\o know the time of de- 
scribing Qc , hence, having found the time of desciibing Qc and Qa, wc know * 
the time of desciibing co, which subtracted from the time at which the centei 
wis at i;, gives the time vhen it was at c, oi tho tune of the inimeision of the 
centei, called the true tunc, whicl! ought to be the same to all observers This 
quantity w is M Foucin’s equation, and when applied to the obseived time 
should give the same time for all observations We have heie supposed sn 
fo be known , the idea how to find this was first suggested by M Fouchy and 
afterwards improved upon by M Bailey, lus method we shall heie explain 

461 M Bailly, by diaphragms with a ciiculai hole in the middle, dimi- 
nished gradually the field of view of his telescope until the satellite disappeared 
hence the apeituie in the diaphragm at the tune the satellite becomes invisible^ 

VOI I T 1 ’ 
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IS to the whole apertuie, as the quantity of light leceived fiom the satellite at 
the time it disappeais, to the quantity of light in tlie whole apeituic, let the 
whole apertuie =1, the apertuie of the diaphiagm=a, tlien tlie light of the 
satellite when not eclipsed being lepiesented by unity, the light when it disap- 
peais at an immeision will be=« , consequently a 1 segment wm whole 
suiface mnrt, hence we know tlic segment witw , and consequently its veised 
sine ns, foi on account of the smallness of the aic msr, we may considei it as a 
stiaight line In a telescope whose apeituie was 24 hnes, M Baili y found 
the foutth satelhte, when at its gieatest elongation, to vanish at in apeituie of 

5 5 lines, hence, = 0,0525, wluchis equal to the segment mm, the 

circle being unity, hence the veiscd sine rM =0,4303 For the thud sa- 
tellite, he found a=0,0l56 , and foi the fust and second fl=0,0046. J hese de* 
teiminalions weie made, when the distance of Jupitci horn the suii was 5,‘^20'7, 
and the distance of the eartli horn Jupitci 4,845b, the euth’'* dist iiicc liom 
the sun being unity , also, the altitude of Jupitci ibovc tlie hoiiAon was 15% 
and the satellites weie at their greatest clongitions To i educe tlie invisible 
segments to any othei situations of the eaith and Jnpitei, and an_/ othei alti- 
tude, he takes the hght received at Jupitei to vaiy inieisdy is die sqiiaioof 
Its distance fiom the sun, and the hght leceived at the lailh hoiu the s.itdhtes 
t« vaiy inversely as the square of the distance of the eirth from Jupitci , and 
foi the variation of the quantity of hght at different vltituclcs, he takes that 
which IS given by M Bouguer in his Optics To laid the illowancc to be 
made foi the diffeicnt distances of the satellites from Jupitei, hi piocceds thus * 

On July 17 and 23, 1771, the following obsoivation-) woio unde, ind the 
invisible segments detoiimncd as above explained, by t iking into lonsuleiation 
the distances of Jupiter from the sun and the earth, and the vltitiidi of Jupiter 


/ 


July 17, 
23, 


H 

M 

OiU of Sat 
in (iciuul % 

‘"1 ftmt lit 

9, 

58 

1,36 

0,2485 

10 

17 

1,62 

0,1677 

10 

43 

1,96 

0,1361 

11 

5 

1,49 

0,1862 

11 

20 

1,32 

0,2357 

11 

28 

1,21 

0,2910 

11. 

85 

1,11 

0,3201 

11 

89 

1,6 

0,3521 
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The law which the vauation of these segments follow is neaily as ~ + 5^ 

^ being the distance of the satellite fiom the centei of Jupitei in semidiameteis 

of Jupitei , M Bailey therefoie assumes 1 + y being the segment, and 

by taking two values of^ and the coi responding values of .r, we get two eaua- 
tions, fiom which we can deteimme 6 and c, the two values of « which he as' 
sumed aie 0,1862 and 0,3521, and taking the corresponding values of j?, he 

found J = 0,3397, and c = 0,0495, hence, + by applying 

this to othei observations, he found the eiiois much smaller than could be ex 
pected By proceeding thus for the second and third satelhtes, he found for 


SatellilPb 


I . 

0, 3397 ^ 0, 0495 

W-=J' 

II 

0,3933 , 0,0373 

■ — + ,zzu 

A* X ^ 

in 

0, 0756 , O, 2157 

1---2 srv 

A’* X 

IV . 

0, 192 . 0, 053 .. 

^ ^ -*1 


The fourth was determined by M de la Lande, M Bailly not having suf. 
ncient obseivations upon the satelhte, to determine the law of vauation 

462 M Bailly, in the last place, considers the effects of diffeient telescopes 
The greater the quantity of light which a telescope receives, oi the greater the 
apertuie, the less will be the invisible segment, and that in the inverse latio of 
the aperture, foi in this case, the same quantity of light comes to the eye 
Hence, by taking into consideration all the ciicumstances, he reduced the ob- 
servations, and found, in geneial, a very near agreement after the i eduction, 
compaied with the agreement between the observations themselves The cal- 
culation requires that we should know the diameteis of the satellites, these he 
deduced in the following manner 

463 On June SO, 1771, he observed the immersion of the first satellite. 

At 24 minutes in time before the immersion, with an apeituie of 10,5 lines he 
lost sight of the sateUite, the whole aperture being 24 lines With an apeiture 
0 3 lines, he made his observation of the immersion , and taking off the diar 


! 
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phragm, he then ohscivcd at 4' 54" longei Now an apeituie of 10,5 

JIG gives the invisible segment £FG=:0,m4 , but heie we must take into c 

104 delation the pi oximity ol the satellite to Jupitei At the time when the s 

hte disappeaied with an apeituie of 10,5 hnes, it was 1,57 distant horn Tui 
and at the immeision it was 1,25, hence, if we put these foi x, we shal 
the coiiesponding segments 0,2571 and 0,1695, hence 0,1695 o,2J* 

0 1914 0,2903 the invisible segment BFG which conesponds to the v 
apeituie at the distance 1,25, deduced fiom that which was obseivcd a 
distance 1,75 But with an apeituie of 13 lines, the segment BDE mii 
gieater in piopoition as the apeituie is less, oi in the latio ol IS" 24*, h< 
jBDjE5;0,9895 Now the "versed Sine BjBTs: 0,664, and J3i?=: 1,99852, t 
foie KjEI=^ 1,83452, Uic space pissed ovei m 4' 54" , heie the satelhtc eii 
obh^uely into the shadow , but if it had enteicd pcipendiculaily, it would, 
taken only 4' 51" to hi\c j^assed ovei the sime put, hence, 1,33452 53 

diametei) 4' 51" 7' 16" the dnractei in time, which answeis to 1° 1 

the diametei of the satellite seen fiom Jupitei If the leadei wish loi anj 
thei satisfaction upon this subject, he may consult the Mem de I* Acad, 
des Scien 1771 , or the Phil Irons Vol LXIII 

464 Di Maskllynl obseives, tliat the method heic pioposed of done 
the immeision and emeisioxi of a satelhte, must be subject to a ceitain cl« 
of inaccuracy fiom hence, that when you leduce die apeituie of the Iclc 
so as to make the satellite disapp?ai, you also chminish the quantity of 
fiom Jupitei in the simc piopoition, on which account the satellite will 1 
sible with a loss qu mtity of light than it would be if Jupitei continued o 
same briglitness, and theiefoic llie invisible segment will have a less la, 
the whole suiface, tluii the quantity of hght m the apeituie when the 

IS lendered invisible has to the quantity of hght in the whole apeituie J' 
lection therefore for this circumstance ought to be apphed We may als 
ther obseivc, that besides the circumstances which are hcic taken iioti 
the twilight, die deal ness of the ui, the pioximity of Jupitei to tlic x 
and the eye of the observer, all combine to affect the time at which the 
lite becomes invisible 

465 When Tupitci is so far distant fiom conjuncUon widi the sun, as 
about 8° above the hoiuon when die sun is 8® below, an eclipse of the sat 
wil^]}e visible at any plicc ; this may be deteimined neai enough by a co 
ghWCNauUcal Almanac J. Before the oppositions of Jupiter to the su 
immeisions and emeisions liappen to the west of Jupitei , afler opposition 
happen to the east If an astionomical telescope be used, which leveis, 
jects, the appearance "will Toe contiaiy The satelbtes in the configuiatii 
the Nautic'd Almanac aie put dowm, on then pioper sides of Jupitei , s 
td)S0cope theicfotc reverses their situation in lespcct to Jupiter, mnking^ 
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on the east appeal to the west, and those on the west appeal to the east The 
imrteisions signify the instant of the disappeaiance of the satellite by enteung 
the shadow of Jupitei , and the emersions signify the instant at which they fiist 
appeal at the coming out of the same Foi diiections to the obseivei, I lefei 
the Readei to my Practical Astronomy, page 186 

466 M Cassini suspected that the satellites had a lotation about then axes, 
as sometimes in tlieii passage ovei Jupitei’s disc they weie visible, and at othei 
tunes not, he conjectuied theicfoie that they had spots upon one side and not 
on the othci, and that they wcic lendeied visible in then passage when the 
spots weie next the earth At diftcient times also they appear of difleient magni- 
tudes and of difieient biightness The fointh appeals gen ei illy the smallest, 
but sometimes the greatest, and the diametei of its shadow on Jupitei appears 
sometimes gieatei than the satellite The thud also appeals of a vaiiable mag- 
nitude, and the like happens to the othei two M Maeaedi also concluded, 
fioinhis own observations, that they had a lotation Mi Pound also observed 
that they appeared moie luminous at one time than anothei, and theiefoie he 
concluded that they levolved about then axes Ihis is confiimcd by Dr Hee- 
schee, who has discovered that all the satellites of Jupiter have a lotatoiy mo- 
tion about then axes, of the same duiation with then peiiodic times about then 
piimaiy This he deteimmed from the change of biightness in diffeicnt parts 
of then orbits He obseives that the first is white, but sometimes moie in- 
tensely than others The second is white, bluish and ash coloured The thud 
always white, but of different intensities The fourth is dusky, dingy, inclining 
to 01 ange, reddish and luddy at different tunes Ajt the mean distance of Ju- 
pitei, he makes the diameter of the second satellite 0",8Y , the third to be con- 
siderably the greatest , the first a little, larger than the second, and nearly of 
the size of the fourth , the second ? little sinallei than the first and fourth, oi 
the smallest of them all. 
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On the Construction of the Epochs tn the Tables 


46Y The epoch of a satellite foi any yeai is found from a conjunction of the 
satellite , this will be best explained by an example By Article 451, it was 
found that the time of a mean conjunction of the fiist satellite in 1764, was 
Januaiy 1, Qh 26' 47", as computed foi the constmction of the Tables ’ this, 
however, is not the true tune of the mean conjunction, but it is that time dimi- 
nished by the sum of the maxima of all the equations, except that arising fiom 
the equation of Jupitei’s oibit, which sum is 29' 22", add this therefore to the 
above time, and it gives Januaiy 1, Bh 56' 9" foi the true time of the mean 
conjunction, oi the time when the mean place of the satellite upon its orbit was 
the same as the mean place of Jupitei in its orbit , but, by computation, the 
mean place of Jupitei at tliat time was 2 8° 56' 41", this theiefoie is the mean 
place of the satellite at the sime time , but the mean motion of the satellite in 
Id 8/j 56' 9" was 9" 9^^ 14' 10", subtract this theiefoie fiom 2* 8“ 56' 4l", 
ind we h ive 4’ 29“ 42' 81" for the mean place of the satellite at the beginning 
of 1764 , 01 the epoch foi that year, at Pans The constmction of the Tables 
hce explained, has been ioi the mean distance of Jupitei horn the earth, that 
IS, to lepiesent the satf'llites as seen fiom that distance, because we applied the 
equations of light is explained in Article 420, which reduces the time at the 
pi ice wheie the earth is at the tune oi obscivation, to the time at which the 
same phacnomenon of the satellite (its conjunction) iJvould have appeared if the 
earth had been at its mean distance from Jupitei As Greenwich is 9' 20" cast 
of the Obscivatoiy at Pans, if i° 19' 8", the mean motion of the satellite foi 
that tune, be iddcd to 4’ 29“ 42' 31", it gives 5* 1° l' 39" for the epoch for 
Gieenwich, the ycai it Greenwich beginning 9' 20" latei than at Pans But 
the epochs in these Tables are for the least distance of Jupitei fiom the earth, 
and consequently they aie found fiom the epochs at the mean distance, by add- 
ing to them the mem motions of the satellites foi 10' 10", that being the time 
(420) which light takes, in passing ovci a space equal to the difPeience between 
the least and mean distances For as any situations of the satellites appear 10' 
10" sooner at the least th m it the mein distance of Jupiter from the earth, at 
any point of time they must appear forwaider in then orbits at the former than 
at the lattei distance by then motions in that time Now the mean motion of 
the satellite in 10' 10" is 1“ 26' 12", hence, the epoch foi 1764, for the least 
distance of Tupitei, IS 5’ 2“ 27' 51", the Tables which are here given, were con- 
stiucted fiom other observations Having determined the epoch for any one 
year, the epochs foi the following yeais are found by continually adding to it, 
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the mean motions foi a yeai, as explained in Aiticle 452 , and the epochs foi 
the pieceding yeais aie found by subti action , thus we continue the Tibles as 
far as we please 

468 The fiist Table cont uns the epochs of the satellites at the beginning of 
the ycai, tliat is, on December 31 of the preceding yeai by the civil account, 
at 12 o’clock at noon, mean time , except on leap yeai, in which the phcc is 
put down foi January 1, at 12 o’clock at noon, mean tune 

Table the second contains the mean motions foi months, showing vt the end 
of each montli, how much foiwaidei the satellites aie th in they weic at the be- 
ginning of the yeai If theiefoic to the place at the beginnmg of the ycai, 
you add the mean moticm foi any month, it gives the mean place foi the end of 
tliat month, oi for tlie beginning of the next The month of Fcbiuaiy is heic 
supposed to contain 28 days Now in leap year, the epoch being foi the fiist 
of Jaiiuaiy at noon, mean time, when we add the motion foi Jammy, it gives 
the place on Februaiy 1, at noon , and adding the motion fbi Fcbiuaiy it gives 
the place foi the last day at noon, because fiom Jauuaiy 1, to Fcbiuaiy 29, in 
leap yeai, IS the same as fromDeccmbei 31 to Febiuaiy 28, in the common ye us, 
hence, the mean motions for the othei months added to the epochs, will gne 
the mean places as well in Icap-yeai as in the common yeais 
Tlie thud Table contains the mean motions foi days, asfai as 31, that being 
sufficient, as we have the mean motions foi months But in leip-yeai, in the 
months of January and Febiuaiy, we must take the motion foi one day less than 
the day of the mouth, because (as above explained) the epoch is foi the fiist of 
Januaiy, and the motion foi a mouth being added gives tlie phcc on tlie fust 
of Febiuaiy, the places theicfoie being tlius obtained aftci one day in each 
month has passed, tlie motion fi om that time to any othei day must be one day 
less than the numbci of days of the montli 
The foul th Table contains the mean motions foi horns, and the fifth Table 
contains the mean motions foi minutes and seconds 
The sixth Table contains the apparent distances of the satellites fiom the 
centei of Jupiter Intel ms of its scmidiameteis, accoi ding to then situations in 
then oibits, and the gcocenUic place of Tupitei 
The seventh Table contains the fiist equation of light , the eighth contains the 
second equation of light These Tables aie constructed to the ncaiest chstance 
of Jupitei fiom the eaith , and theiefoic at all othei times, the satellites will ap- 
peal to come latei to tlie places found fiom the Tables than the time to which 
they were computed, by the equations in the Tables 
Table the ninth contains the equation of the centci of the fouith satellite 
469 These Tables give only the mean places of the satelhtes, except foi the 
fouith satellite, whose place may be collected by tlie equation of the mbit 

5 
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Tins accmacy is sufficient foi the puipose foi which the Tables aie heie given, 
they being puncipally intended to find the configuiations of the satellites In 
the Tables foi computing the eclipses, the epochs foi each yeai aie those of the 
fust mean conjunction of the satellite after the commencement of the yeai , the 
consti action of these Tables, and then uses, will be explained m the Thud 
Volume 

470 If it be lequired to find the apparent positions of the satellites at any 
given apparent time, that time must be converted into mean time (the Tables 
being constructed to mean time) by applying the equation of tunc , and then 
from that mean time, the equation of light must be subtracted, and the com- 
putation made for th it time , and from the places thu« found, we must subtract 
the geocentiic place of Jupitei, and proceed as alieady explained 


ft 
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TABLES or Jupiter’s satellites 

EPOCHS OF THE MEAN MOTIONS OF JUPITER’S SATELITES 

TABLL I 


WARS I smLIITJ II SAIELlllE|riI S\rLLIIll|lV SVlLItlll 

NEW 

sriLE SDM, S SUMS 


Mb SUMS 

1790 0 4 1^ 37 10 4 57 2 OS 9 S 3 28 1 10 |l 


1791 3 27 42 36 7 16 44 19 0 tl 5 86 2 11 28 30 1 7 49 

B 1792 2 14 40 55 8 9 54 5 2 7 21 12 1 16 31 6 1 


17931 6 8 9 51 1 5 21 11 22 1 2 13 17 441 11 29 58 26 ll 


1794 

U) 1 of 52 

3 3 28 

1795 

1 25 7 50 

0 15 7 56 


R 17961 0 12 6 9l I 8 17 43 [ 4 21 26 23 1 8 1 54 42 |l 11 35 


1 14 35 


1 16 51 


1 19 6 





































T-iBLES or Jupiter’s satellitps 
THE FIRST FABLE CONTINUED 


YEARS 

INLW 

SlIIE 

I 

SATELLITE 

II SATELLITE 

III SATELLITE 

|lV SAFILLin 

IV 

s 

APS 

s 

D 

M 

s 

s 

D 

M 

S 

S 

D 

M 

S 

S 

i> 

M 

s 

S 

M, 

B 

1810 

6 

27 

50 

31 

7 

16 

4 

40 

10 

25 

15 

55 

11 

23 

26 

51 

I 

22 

7 

1811 

10 

21 

19 

SO 

4 

27 

51 

57 

11 

1 

12 

27 

10 

6 

54 

14 

1 

22 

52 

B 1812 

9 

8 

17 

49 

5 

21 

1 

D 

0 

27 

28 

3 

9 

11 

55 

50 

1 

23 

37 

1813 

1 

1 

46 

47 





1 

3 

24 

34 

7 

25 

23 

10 

1 

24 

22 

1814 

4 

25 

15 

46 

0 

14 

36 

18 

1 

9 

21 

6 

6 

8 

50 

30 

1 

25 

8 

1815 

! 

8 

18 

44 

45 

9 

26 

23 

35 

1 

15 

17 

38 

4 

22 

17 

50 

1 

25 

53 

B 1816 

7 

5 

43 

4 

10 

19 

33 

21 

3 



11 

33 

14 

3 

27 

19 

26 

1 

26» 

38 

1817 

10 

29 

12 

2 

8 

1 

20 

38 

3 

17 

29 

45 

2 

10 

46 

46 

1 

27 

23 

1818 

2 

22 

41 

1 

5 

13 

7 

55 

3 

23 

26 

17 

0 

24 

14 

6 

1 

28 

8 






2 

24 

55 

IS 

3 

29 

22 

49 

11 

7 

41 

26 

a 

28 

53 

B 1820 

5 

3 

8 

18 

s 

18 

4 

59 

5 

25 

38 

24 

10 

12 

43 

2 

1 

29 

39 


THE MEAN MOTION OF JUPITER’S SATELLITES FOR MONTHS 

TABLE ir 


MONT. IIS 

I SVILTIITE 

11 

SATEILITL 

III Sill IIIFL 

IV SAlEILin 

IV APS 

31 Tuiuaiy 

6’ 


9' 

32" 

8’ 

22° 

37' 

3" 

3’ 

29° 

50' 50" 

10’ 

8' 

42' 

16' 

3' 

50" 

28 Febiuiiy 

4 

5 

51 

2 

7 

11 

6 

38 

2 

28 

44 

29 

6 

12 

41 

44 

7 

18 

31 Maich 

10 

14 

0 

34 

4 

S 

43 

40 

6 

28 

35 

18 

4 

21 

24 

0 

IE 

7 

30 Apiil 

9 

28 

40 46 

9 

14 

58 

14 

9 

8 

7 

4 

2 

8 

32 

0 

14 

50 

31 May 

4 

6 

50 

17 

6 

7 

35 

16 

1 

7 

57 

53 

0 

17 

14 

16 

18 

40 

30 June 

3 

21 

SO 

29 

11 

18 

49 

50 

3 

17 

29 

40 

10 

4 

22 

16 

22 

22 

31 July 

9 

29 

40 

1 

$ 

11 

26 

52 

7 

17 

20 

29 

8 

13 

4 

32 

26 

12 

31 August 

4 

7 

49 

82 

5 

4 

s 

55 

11 

17 

11 

19 

6 

21 

46 

48 

30 

2 

30 Sept 

3 

22 

29 

44 

10 

15 

18 

28 

1 

26 

43 

5 

4 

8 

54 

48 

33 

45 

31 Octobei 

10 

0 

39 

15 

7 

7 

55 

31 

5 

26 

33 

55 

2 

17 

37 

4 

37 

35 

30 Nov 

9 

15 

19 

27 

0 

19 

10 

4 

8 

6 

5 

41 

0 

4 

45 

4 

4>t 

17 

31 Dec 

3 

23 

28 

59 

9 

11 

47 

7 

: 0 

5 

56 

31 

10 

13 

27 

20 

45 

7 
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THE MEAN MOTION OF JUPXTER^s SATELLITES FOR 

TABLE III 


MS DMSS DMSS DMSS DMfeM s 

1 6 23 29» 20 3 11 22 29 1 20 19 4 0 21 34 16~0 7 

2 1 16 58 41 6 22 44 58 3 10 38 Y 1 13 8 32 0 15 

3 8 10 28 1 10 4 7 27 5 0 57 11 2 4 42 48 0 22 

4 3 3 57 22 1 15 29 57 6 21 16 14 2 26 17 4 0 30 

5 9 27 26 42 4 26 52 26 8 11 35 18 3 17 51 20 0 37 


6 4 

20 

56 

2 

711 

14 

25 

22 

8 6 

7 

51 

43 

9 1 

1 


3 

10 7 

24 

5S 

23 

n 2 

18 

22 

41< 

12 9 

11 

52 

4 

IS 4 

5 

21 

25 


IS 4 5 21 25 7 27 52 19 9 24 7 46 9 10 25 28 1 36 


15 

5 

22 

20 

6 

16 

0 

15 

49 

26 

17 

7 

9 

18 

46 

18 

2 

2 

48 

6 

19 

8 

26 

17 

27 

20 

3 

19 

46 

47 


21110 13 16 810 28 52 12 

5 6 45 29 2 10 14 41 

0 0 14 49 5 21 37 10 

6 23 44 9 9 2 59 39 

1 17 13 29 0 14 22 9 


2 51 

2 58 

3 5 


3 35 
3 42 


6 8 9 321 8 22 37 3 8 29 50 5o|lO 8 42 16 3 5 


In leip year, for Janmi^ and Fehuary take one day foi uasons already given 
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THE MEAN MOTIONS OF JUPITER’s SATELLITES 

FOR HOURS 

TABLE IV 


Hi 

o 

d 

I 

' ' ‘ 

II 

III 

IV 


s 

T> 

M 

s 

s 

I) 

M 

S 

S 

D 

M 

S 

s 

D 

M 

s 

1 

0 

8 

28 

49 

0 

4 

13 

26 

0 

2 

5 

48 

0 

0 

53 

56 

2 

0 

16 

57 

27 

0 

8 

26 

52 

0 

4 

11 

35 

0 

1 

47 

51 

3 

0 

25 

26 

10 

0 

12 

40 

19 

0 

6 

17 

23 

0 

2 

41 

47 

4 

1 

3 

54 

53 

0 

16 

53 

45 

0 

8 

23 

11 

0 

3 

35 

43 

5 

1 

12 

28 

36 

0 

21 

7 

11 

0 

10 

28 

58 

0 

4 

29 

38 

6 

1 

20 

52 

20 

0 

25 

20 

37 

0 

12 

34 

46 

0 

3 

23 

34 

7 

1 

29 

21 

3 

0 

29 

34 

3 

0 

14 

40 

33 

0 

6 

17 

30 

8 

2 

7 

49 

46 

1 

3 

47 

30 

0 

16 

46 

21 

0 

7 

11 

25 

9 

2 

16 

18 

30 

1 

8 

0 

56 

0 

18 

52 

9 

0 

8 

5 

21 

10 

2 

24 

47 

13 

1 

12 

14 

22 

0 

20 

57 

56 

0 

8 

59 

17 

11 

3 

3 

15 

56 

1 

16 

27 

48 

0 

23 

3 

44 

0 

9 

53 

IS 

12 

3 

11. 

44 

40 

1 

20 

41 

15 

0 

25 

9 

32 

0 

la 

47 

8 

13 

3 

20 

13 

24 

1 

24 

54 

41 

0 

27 

15 

19 

0 

11 

41 

4 

14 

3 

28 

42 

7 

1 

29 

8 

7 

0 

29 

21 

7 

0 

12 

35 

0 

IS 

4 

7 

10 

51 

2 

3 

21 

S3 

1 

1 

26 

55 

0 

13 

28 

55 

16 

4 

15 

39 

34 

2 

7 

34 

59 

1 

3 

32 

42 

0 

14 

22 

51 

17 

4 

24 

8 

17 

2 

11 

48 

26 

1 

5 

38 

30 

0 

15 

16 

47 

18 

5 

2 

37 

0 

2 

16 

1 

52 

1 

7 

44 

18 

0 

16 

10 

42 

19 

5 

11 

5 

49 

2 

20 

15 

18 

1 

9 

50 

5 

0 

17 

4 

38 

20 

S 

19 

34 

27 

2 

24 

28 

44 

1 

11 

55 

53 

0 

17 

58 

34 

21 

5 

28 

3 

10 

2 

28 

42 

11 

1 

14 

1 

41 

0 

18 

52 

29 

22 

6 

6 

31, 

53 

9 

2 

55 

37 

1 

16 

7 

28 

0 

19 

46 

25 

29 

6 

15 

0 

37 

3 

7 

9 

3 

1 

18 

13 

16 

0 

20 

40. 

21 

24 

6 

23 

29 

20 

3 

11 

22 

29 

1 

20 

19 

4 

0 

21 

34 

16 
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THE MEAN MOTIONS OF JUPITER’s SATELLITES FOR 
MINUTES AND SECONDS 


TABLE V 
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THE MEAN MOTIONS OF JUPITER’S SATELLITES FOR 
MINUTES AND SECONDS, 


THE FIFTH TABLE CONTINUED 





APPARENT DIS1ANCC& 01 THE SATEEEITLb FROM THE CLNICR 01 
JUPITER, IN SEMIDIAMETLRb OP JUiHTLR 
TABIE VI 


O Ittft VI IVt»( 


DlblANCE or THE SAlELIITrS THOM THE GEOCLNriUC PI \CL 01> JUPIIl U 


I I nil \II TVtrt I U JttU VIII Hul 


II III 


I Siiuid I ScinKl 


I II HI IV 


^tmid ISemid ISonnd I Scniid 


u I HI 


Semid lb«nud I Stmid I ^omid 


00,0 0,0 0,0 


10,10 0,16 0,26 
20,21 0,33 0,32 
30,31 0,49 0,78 
4 0,41 0,66 1,0? 
50,51 0,82 1,31 


60,62 0,98 1,571 
70,72 1,14 1,8S 
80,82 1,31 2,09 
90,92 1,47 2,34 
101,03 1,63 2,60 



2,9514,701 7,501 13,19 | 12,99 22,85 *30 


0,46 3,04 4,84 
0,92 3,13 4,98 
1,08 '3,22 5,12 
1,84 3,30 5,26 
2,30 3,39 5,39 



■ill. XI Wal 


III last 

















































TABLES OP JUPITER’S SATELIITES. 


THE FIRST EQUATION OF LIGHT 


TABLE VII 


ARGUMENT DISTANCE OF JUPITER FROM THE SUN 


Deg I Sig O Sig I Sig II jSig III Sig rv Sig V Deg 


' Sig 

0 

16' 

15" 

16 

15 

16 

15 

16 

14 

16 

14 

16 

13 

16 

12 

16 

1 

16 

10 

16 

9 

16 

7 


16 

0 

15 

58 


15 6 12 
15 1 11 


14 15 
14 9 

14 S 
13 58 
13 52 


13 46 
13 40 
13 34 
13 28 
13 22 


a 

11 57 


14 32 11 

14 27 11 

14 21 10 


11 9 

11 2 
10 55 


10 47 
10 38 
10 SO 
10 22 
10 14 


10 6 
9 57 
9 48 
9 40 
9 32 


8 ' 7 " 
7 59 
7 51 
7 42 
7 34 
7 25 


6 51 
6 42 


6 34 
6 26 
6 18 
6 10 
6 1 


5 53 
5 45 
5 37 
5 29 
5 21 


3 21 
3 14 
3 7 
3 O 
2 53 


2 47 
2 41 
2 35 
2 29 
2 23 


2 18 
2 12 
2 6 
2 0 
1 54 


27 
24 

22 17 
19 16 

0 17 15 


14 
13 
12 
11 
8 I 10 


13 15 
IS 8 
IS 1 
12 54 
12 47 


9 24 
9 16 
9 8 
8 59 
8 50 


5 13 
5 6 
4 58 
4 50 
4 42 


48 

43 

38 

33 

1 28 


0 6 
O 5 
0 4 

0 3 

0 ■ 2 


12 40 
12 33 
12 26 
12 19 
12 12 


8 15 
8 7‘ I 4 


Sig X 1 Sig IX ISlg VIII 


\0I I 



















































riBi-Lis Or jOTinn’s svtllliies 


THE SECOND EQUATION OF LIGHT 

TIBLE Vm 




































EQUATION OF THE CENTER OF THE FOURTH SATELLITE 

TABLE IX 


ARGUMENT MEAN ANOMALY 


Deg 

+ VI-0 

0 

0' 0" 

1 

0 52 

2 

1 44 

s 

2 37 

4 

3 29 

5 

4 21 

6 

5 13 

7 

6 5 

8 

6 57 

9 

7 48 

10 

8 39 

11 

9 31 


10 22 

WM 

11 13 

14 

12 4 

15 

12 55 

16 

13 45 

17 

14 36 

18 

15 26 

19 

16 15 

20 

17 4 

21 

17 53 

22 

18 41 

23 

19 29 

24 

20 17 

25 

21 5 


SI 52 

22 39 

23 26 

24 12 


24' 57" 

25 42 

26 26 
27 10 

27 54 

28 37 


29 20 


35 47 

36 S3 

37 8 

37 43 

38 18 


38 52 

39 25 

39 57 

40 28 
40 59 


41 29 

41 58 

42 27 

42 55 

43 22 


43' 22" 

43 48 

44 14 

44 39 

45 3 
45 26 


45 48 


46 30 
46 50 


47 

26 

47 

42 

47 

58 

48 

13 

48 

28 

48 

42 

48 

56 

49* 

7 

49 

18 

49 

28 

49 

37 

49 

46 

49 

54 

50 

1 

50 

6 

50 

9 

50 

14 

50 

17 

50 

19 

50 

20 


+ XI-V +X-IV +1X-III 
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On the Satellites of Satmn 

\ 

471 In the yesi 1655, IIuigens discoveicd the foiutli satellite of Satiun , 
and published 1, Table of its mean motion in 1659 In 1671, M Cassini clis- 
coieicd the fitdi, ind the thud in 1672, and in 1684, the fiist and second, 
and altciwaids published TabUs ©f then motions lie called them Sida a La-' 
doiaa, inhonou^ of Louisle Grand, in whoscieign, and obseivatoiy, they wcio 
fust discoveied I Di Halley fopnd by his own obseivations 111 1682, tint 
Huygens’s Tables had considciablly lun out, they being about 15° in 20 yeais 
too foiwaid, inditheieloic he comjiosed new Tables fiommoie coiiect elements 
He also lefoimdd M Cassini’s T<i|blcs of the mean motions , and ibout the yeai 
1720, published ;thcra a second time, collected lioin Mi Pound’s obseivations 
He obscives, thlt thofoui inncimbst satellites deaciibe oibits veiy neaily in the 
plane of the ring, which he says is, as to sense, paiallel to oui equatoi , and 
that the oibit oflthe fifth is a httlo inclined to them The following Table c ou- 
tains the periodic times of the five satolhtes, and then distinces msemidiamcteis 
of the ling, as dcteimined by Mi [Pound, by amici ometei fitted to tlie telescope 
given by Huygens to the Royal Society Mi Pound fiist measuied the dis- 
tance of the fourth, and then deduced the test fiomthe propoition between the 
squaies of the ptnodic times and cubes of their distances, and these aie found 
to agiec widi observations 


ScltJ 

lltCb 

Pu iodic Times 
by PouHH 

Bist in sumd 
of Rino by 
Pound 

Dist in scinid 
of biturii by 
Pound 

Dist in suuid 
ol liini, by 
( \sblNI 

Dist It tUc 
mcui dist 
of batmn 

I 

l"* SI** 18' 27 " 

2,097 

4,893 

11^ 

0 ' 43",5 

II 

2 17 41 22 

2,686 

6,286 

2] 

0 5G 

III 

Jb 12 25 12 

3,752 

8,754 

3‘ 

1 18 

IV 

15 22 41 12 

8,698 

20,295 

8 

3 0 

V 

79 7 49 0 

25,848 

59,154 

23 

8 42,5 


The last column is fiom Cassini, but Di IlRRschtL makes the distance of 
the fi^ iobe 8' 31", 97, which is piobably moie exact In tlus and the tw^o 
next Tables, the satellites aie uumbcied from Saturn as they wcie bofoie the 
chscovciy of the othei two. 

On June 9, 1749, at lO/i Mi Pound found the distance of the fouith 






ON SATUIiN^g SArEI.IIX£,t>. 


lite to be 3' V" with a telescope of 123 feet and in cvcelicnt micromctci fiKed 
toit , and the satellite was at that time very neai its giealest eastern dtgiession 
Hence, at the mean distance of the eaith fiora Situin, that distince becomes 
2' 58",21 , Sii I Newton makes it 3' 4" 

472 The peiiodic times aie found as foi the satellites of Jupitei (409 ) To 
dcteirame these, M Cassini chose the time when the semi minoi axes of the el- 
lipses which they describe weie the gieatest, as Siturn was then 90° fiom then 
node, because the place of the satellite in its oibit is then the same as upon the 
oibit of Satuin , wheieas in every othei case it would be necessaiy to apply the 
reduction (426) in oidei to get the place in its oibit 

473 As it is difficult to see Saturn and the satellites at the same time in tin* 
field of view of a telescope, then distances have sometimes been incasiued by 
obseiving the tune of the passage of the body of Satuin ovei a wiie adjusted as 
in hour ciicle in the field of the telescope, and the inteiv^l between the times 
when Satuin and the satellite passed Fiom compaimg the periodic times and 
distances, M Cassini observed that Kepi lu’sllulc (2 18) agreed veiy well with 
observations 

474 By compaimg the satellites with the iing in diffcient points of then Di- 
bits, and the gieatest ininoi ixcs of the ellipses which they appeal to desciibc 
compaicd with the major axes, the planes of the oibits of the fiist foui are found 
to be veiy ncailyin the plane of the iing, ind thciefoie aie inclined to- the oibit 
of Satuin about 80“ , but the oibit of the fifth, accoiding to M CassiNi the 
Son, makes an angle with the ring of about 15° 

475 M Cassini places the node of the ring, and consequently those of the 

foui fiist satellites, lu 5“ 22° upon the oxbit of Satuin, and 5' 21° upon the 
ecliptic M Huygens had deteimined it to be m 5* 20° so' M Maraldi in 
1716 determined the longitude of the node of tlie ung upon the oibit of Satuin 
to be 5’ 19° 48' 30", and upon the ecliptic to be 5 16° 20' The node of 

the fifth satellite is placed by M Cassini in 5® 5° upon the oibit of Satuin, 
M de la Lande mikes it 5* 0“ 27'' From the obseivation of M Bernard it 
Maiseilles in 1787, it appeals tliattlie node of this satellite is letrogiade 

476 Di Hailey discoveied that the orbit of the fouith satellite was excen- 
tiic For having found its mean motion, he discovered that its place by obser- 
vation wa« atone time 3°forwaidei than by his calculations, and at othei obsei- 
vations it was 2° SO' behind , tins indicated an cxcentiicity , and he placed the 
line of the apsides m 10' 22° FIuI Tiam N° 145 
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(m fliaUIlN*5 SATELLITrS 


TABLES OF THEIR REVOLUTIONS AND MEAN MOTIONS, 
ACCORDING TO M DE LA LANDE 


sad 

Diiunal 

Motion 

Motion in 

365 days 

1 

6' 

10" 

41' 

53" 

4* 

4° 

44' 

42" 

II 

4 

11 

32 

6 

’' 4 ' 

10 

15 

19 

III 

2 

19 

41 

25 

9 

16 

57 

5 

IV 

0 

22 

34 

38 

10 

20 

39 

37 

V 1 

0 

1 

4 

32 

17 

7 

6 

23 

37 


Satel 

Pci iodic 

Pc\olulion 

Synodic Revolution 

I 

i'‘ 

21'* 

18' 

26",222 

!•* 

21'* 

18' 

54",778 

II 

2 

17 

44# 

51,177 

2 

17 

45 

51,013 

III 

4 

12 

25 

11,100 

4 

12 

27 

55,239 

IV 

1? 

22 

41 

16,022 

15 

23 

15 

23,153 

V 

79 

7 

53 

42,772 

79 

22 

3 

12,883 


477, M Cassini obscivcd that the fifth aateihte disappeaicd legulaily for 
about half its icvolutioii, when it was to die east of Satuin , fiom which ho con- 
cluded, that it 1 evolved about its axis , ho aftciwaids however doubted of 
this But Sul Ni WTON m his Lib III Pi op 17, concludes fiom 

hence, that it i evolves ibout its axis, and in the same time that it i evolves 
about Satmn, ind that the vanable apxicaiance arises from some paits of the 
satelhte not leflccting so much light as othcis Di IIehschll has confiimed 
this, by tiaaug logulaily the peiiodical ch vnge of light thiough moie than 10 
1 evolutions, and finding it, in all appeal ancos, to be coterapoiaiy with the le- 
tuin of the satellite to the same situation in its oibit TIus is fuithei confiimed 
by some observations of M Blrnaiu) it Muscilles in 1787, and xs a lemaik- 
able instance of analogy among the secondaiy planets, 
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478 These are all the satellites which \\cic knoi\n to iciol\c about Situm 
till the yeai 1789, when Di Hekschel, lu a Papei in the l^Jul Ttnns ioi tint 
you, announced the chscoveiy of a sixth satellite, intcnoi to ill the otheis, ind 
piomised a fiuthei account in mothei papci But in the inteiincdnte 
tunc he discovered a seventh satellite, inteiioi to the sixth, and in x Pajiei upon 
Svtuin audits iing, m the Phil Tians 1790, he has given an account of tlu 
discoveiy, with some of the elements of then motions He afteiwaids added 
Tables of then motions 

479 Aftei his obseivations upon the iing, he says, he cinnot quit the sub- 
ject without mentioning his own surmises, and that of scvci il othci Astiouo- 
meis, of a supposed roughness of the img, oi inequality in the pi ines ind 
inclinations of its flat sides This supposition arose, fiom seeing luminous 
points on its boundaries piojectmg like the moon’s mountains , oi fiom seeing 
one aim biightei or longer tlian another, oi even fiom seeing one aim when 
the othci was invisible Hi Herschel was of this opinion, when he saw one of 
these points move off the edge of the ring in the foim of x satellite With his 
20 feet telescope he suspected that he saw a sixth satellite , and on August 19, 
1787, raaiked it down as piobably being one , ind having finished his tclescojic 
of foity feet focal length, he siw six of its satellites the moment he dnected Ins 
telescope to the planet This happened on August 28, 1789 The letiogiadc 
motion of Satuin vv is then nculy 4' 80' in i div, vhich mide it vciy easy to 
asccitain, whether the stais he took to be satellites wcieically so, and in about 
two houis and an half aftei, he found that the planet hid visibly eaiiied them 
all away from then places He continued his observations, and on Septeuibei 
17, he discovered the seventh satellite These two satellites he within the oibits 
of the othei five Their distances fiom the centei of Saturn are 36", 7889, and 
28",6689 , and then peiiodic tunes xie \d Sh 53' 8",9 and 22// 37' 22", 9 
The oibits of these satellites he so neai to the plane of the img, that the difiei- 
cnce cannot be pciceived 

480 As soon as he hid made observations siifhcient to constiuct Tables of 
then mean motions, he calculated then places baekw uds, and found tint lus 

♦ suspicions of the existence of these satellites, in the shxpe of piotiibeiantpomls 
on the aims of the img, weie confirmed, and this served to collect the Tables 
He has also constiucted Tibles of the raotious of the othei five satellites , the 
epochs he deduced fiom lus own obseivations, which diffci consider ibly tioin 
those given by M de li L-'niie, in the Omnoissame des Temjis, for 179] , but 
he assumed the mean motions the same as theic given 'Ihc following '’1 iblcs 
of the epochs and inexn motions aie given by Dr Hr usciifl in the Phi! Tt an'< 
foi 1790 The satellites aie heie numbciedin then oidti fiom Salurn 
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TABIES 01 'SAlURN'i) S iXII LiTL? 


EPOCHS OF THE MEAN LONGITUDES OE 
SATURN’S SATELLITES 


# -» 

VH 

VI 

V 

IV 

HI 

H 

I. 

Ycais 

Deg dec 

Deg dec 

Deg dee 

Deg dee 

Dig dee 

Deg dec 

Deg dee 

1787 

1788 

1789 

1790 

1791 

835,91 

196,84 

53,28 

269,68 

126,02 

149,16 
132,41 
93,09 
58,77 
14,45 , 

87,21 

93,86 

20,82 

307,78 

284,74 

272.18 
173,95 

804.19 
74,48 

204,68 1 

176,46 

131,91 

256,66 

21,41 

146,16 

269.81 
307,48 

82,92 

218,36 

353.81 

307,07 

65,02 

161,00 

256,98 

852,97 


THE MOTION OE THE SATELLITES ABOUT SATURN IN 

MONTHS 


# * # 

VII 

^I 

V 

IV 

III 

II 

I 

]\T()uths 

Deg dec 

Deg dec 

Deg dec 

Dig dec 

De^ dtc 

Deg dtc 

Deg dee 

Jauutuy 
Ecbiuaiy 
Mai oil 

000,00 

140,68 

267,75 

000,00 

889,89 

252,05 

000,00 

310,40 

21,78 

000,00 

117,58 

200,56 

000,00 

151,64 

91,18 

000,00 

224,54 

20,91 

000,00 

320,81 

215,73 

Apjil 

May 

June 

48,48 

184,57 

825,25 

281,95 

189,26 

169,16 

882,18 

202,84 

158,24 

818,14 

304,19 

61,77 

242,81 

203,75 

355,39 

245,45 

207,27 

71,81 

176,54 

115,39 

76,20 

Julj 

Auguht 

Sc'pteinbci 

101,89 

242,07 

22,75 

126,47 

106,37 

86,26 

28,94 

884,34 

284,74 

47,82 

165,40 

282,98 

316,33 

107,96 

259,60 

33,68 

258,17 

122,72 

15,05 

385,86 

296,67 

Ocfo]>ci 

Novembei 

December 

1 158,89 
299,57 
75,71 

48,58 

28,47 

840,78 

155,45 

105,85 

836,56 

269,03 

26,61 

12,66 

220,54 

12,17 

883,11 

84,54 

309,08 

270,90 

235,52 

196,38 

135,17 


III ihe months Janiuo^y and F^btuctiij of a bissextile yeai, subtiact 1 Rom 
the nnmbor of days given 

2 







tables op Saturn’s satellites 


THE MOTION OF SATURN’S SATELLITES IN DA YS 


> 

VII 

VI 

V 

IV 

III 

II 

I 


Deg dec 

Deg dec 

Deg dec 

Deg dec 

Deg dec 

Deg dee 

Deg dee 

1 

4,54 

22,58 

79,69 

131,53 

190,70 

262,73 

'’1,96 

2 

9,08 

45,15 

159,38 

263,07 

21,40 

165,45 

43,92 

3 

13,61 

67,73 

239,07 

34,60 

212,09 

68,18 

65,88 

4 

18,15 

90,31 

318,76 

166,14 

42,79 

330,91 

87,85 

5 

22,69 

112,89 

38,45 

297,67 

233,49 

233,64 

109,81 

6 

27,23 

135,46 

118,14 

69,21 

64,19 

136,36 

131,77 

7 

31,77 

158,04 

197,83 

200,74 

254,89 

39,09 

153,73 

8 

36,30 

180,62 

277,52 

332,28 

85,58 

301,82 

175,69 

9 

40,84 

203,19 

357,21 

103,81 

276,28 

204,55 

197,65 

10 

45,38 

225,77 

76,90 

235,35 

106,98 

107,27 

219,62 

11 

49,92 

248,35 

156,59 

6,88 

297,68 

10,00 

241,58 

12 

54,46 

270,93 

236,28 

138,42 

128,38 

272,73 

263,54 

13 

58,99 

293,50 

315,97 

269,95 

319,07 

175,45 

285,50 

14 

63,53 

316,08 

35,66 

41,49 

149,77 

78,18 

307,46 

15 

68,07 

338,66 

115,35 

173,02 

340,47 

340,91 

329,42 

16 

72,61 

1,24 

195,04 

304,56 

171,17 

243,64 

351,39 

17 

77,15 

23,81 

274,74 

76,09 

1,87 

146,36 

! 13,35 

18 

81,69 

46,39 

354,43 

207,63 

192,56 

49,09 

35,31 

19 

86,22 

68,97 

74,12 

339,16 

23,26 

311,82 

57,27 

20 

90,76 

91,54 

153,81 

1 10,70 

213,96 

214,54 

79,23 

21 

95,30 

114,12 

233,50 

242,23 

44,66 

117,27 

101,19 

22 

99,84 

136,70 

31S19 

13,77 

235,35 

20j00 

123,16 

28 

104,38 

159,28 

32,68 

1 45,30 

66,05 

282,73 

145,12 

24 

108,91 

181,85 

1 12,57 

276,84 

256,75 

185,45 

167,08 

25 

113,45 

204,43 

192,26 

48,37 

87,45 

88,18 

189,04 

26 

117,99 

227,01 

271,95 

179,91 

278,15 

350,91 

211,00 

27 

122,53 

249,58 

351,64 

311,44 

108,84 

253,64 

232,96 

28 

29 

& 

272,16 

294,74 

71,33 

151,02 

82,98 

21^,51 

299,54 

130,24 

156,36 

59,09 

254,92 

276,89 

SO 

136,14 

317,32 

230,71 

346,05 

320,94 

321,82 

298,85 

31 

140,68 

339,89 

310,40 

117,58 

151,64 

224,54 

320,81 




TABLES or SATURN S SATELLITES 


THE MOTION OF SATURN’S SATELLITES IN HOURS 


g VII VI. V IV III II 
I 

« Deg dee Deg dec Deg dec D<g dee Deg dee Deg dee Deg dee 


3,88 5,48 7,95 10,95 15,92 

6,64 10,96 15,89 21,89 31,83 

9,96 16,44 23,84 32,84 47,75 

18,28 21,92 31,78 43,79 63,66 


4,70 16,60 27,40 39,73 54,73 79,58 

5,64 19,92 32,88 47,67 65,68 95,49 

6,58 23,24 38,36 55,62 76,63 111,41 

7,53 26,56 43,84 63,57 87,58 127,32 


9 1,70 8,47 29,88 49,33 71,51 98,52 143,24 

10 1,89 9,41 33,20 54,81 79,46 109,47 159,15 

11 2,08 10,35 36,52 60,29 87,40 120,42 175,07 

12 2,27 11,29 39,84 65,77 95,35 131,36 190,98 


17 

18 

19 I 3,59 

20 3,78 


13,17 46,49 


17,87 


3,97 19,75 69,78 

4,16 20,70 73,05 

4,35 21,64 76,37 

4,54 22,58 79,69 


71,25 

103,29 

142,31 

206,90 

76,73 

111,24 

153,26 

222,81 

82,21 

119,19 

164,20 

238,73 

87,69 1 

127,13 

175,15 

254,64 


93,17 

98,65 

104,13 

109,61 


166,86 229,89 
174,81 240,83 
182,75 251,78 
190,70 262,73 

































TABLES OP Saturn’s satellites 



g 

a 

H 

VII 

VI 

V 

IV 

III 

II 

I 

W 

w 

Deg dec 

Deg dec 

J 3 f :) lief 

dec 

Deg dec 

Deg dec 

Deg due 

1 

0,00 

0,02 

0,06 

0,09 

0,13 

0,18 

0,27 

2 

8 

0,01 

0,01 

0,03 

0,05 

0,11 

0,17 

0,18 

0,27 

0,26 

0,40 

0,36 

0,55 

0,53 

0,80 

4 

0,01 

0,06 

0,22 

0,37 

0,53 

0,73 

1^06 

5 

0,02 

0,08 

0,28 

0,46 

0,66 

0,91 

1,33 

6 

0,02 

0,09 

0,33 

0,55 

0,79 

1,09 

1,S9 

7 

0,02 

0,11 

0,39 

0,64 

0,93 

1,28 

1^86 

8 

0,0 S 

0,13 

0,44 

0,73 

1,06 

1,46 

2,12 

9 

0,03 

0,14 

0,50 

0,82 

1,19 

1,64 

2,39 

10 

0,03 

0,16 

0,55 

0,91 

1,32 

1,82 

2,65 

11 

0,04 

0,17 

0,61 

1,00 

1,46 

2,01 

^,92 

12 

0,04 

0,19 

O366 

1,10 

1,59 

2,19 

3,18 

13 

0,04 

0,20 

0,72 

1,19 

1,72 

2,37 


14 

0,05 

0,22 

0,77 

1,28 

1,85 

2,55 

3,71 

15 

- 

0,05 

0,24 


0,83 

1,37 

1,99 

2,74 

3,98 

16 

1 0,05 

' 0,25 

0,89 

f 1,46 

1 2,12 

2,92 


17 

0,06 

0,27 

0,94 

1,55 

2,25 

3,10 

y * 

4,51 

18 

0,06 

0,28 

1,00 

1,64 

2,38 

3,28 

4,78 

19 

0,06 

0,30 

1,05 

1,73 

2,52 

3,47 

5,04 

20 

0,07 

0,31 

1,11 

1,83 

2,65 

3,65 

5,31 

21 

0,07 

0,33 

1,16 

1,92 

2,78 

3,83 

3,57 

22 

0,07 

0,34 

1,22 

2,01 

2,91 

4,01 

5,84 

23 

0,08 

0,36 

1,27 

2,10 

3,05 

4,20 

6,10 

24 

0,08 

0,38 

1,33 

2,19 

3,18 

4,38 

6,37 

25 

0,08 

0,39 

1,38 

2,28 

3,31 

4,56 

6,63 

26 

0,09 

0,41 

1,44 

2,37 

3,44 

4,74 

6,90 

27 

0,09 

0,42 

1,49 

2,47 

3,57 

4,93 

7,16 

28 

0,00 

0,44 

1,55 

2,56 

3,71 

5,11 

7,43 

29 > 

0,10 

0,45 

1,60 

2,65 

3,84 

5,29 

7,69 

30 

0,10 

0,47 

1,66 

2,74 

3,97 

3,47 

7,96 
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TABLED or Saturn’s satellites. 


THE MOTION OF SATURN’S SATELLITES IN MINUTES 


M 

y 

r 

VII 

VI 

V 

IV 

III 

II 

I 

H 

PI 

(ji 

Deg tltc 

Deg (kc 

Dtg dec 

Deg dec 

Deg dec 

Deg dec 

Deg dc ( 

31 

0,10 

0,49 

1,72 

2,83 

4,10 

5,66 

8,22 

82 

0,11 

0,50 

1,77 

2,92 

4,24 

5,84 

8,49 

S 3 

0,11 

0,52 

1,83 

3,01 

4,37 

6,02 

8,75 

34 

0,11 

0,53 

1,88 

3,10 

4,50 

6,20 

9,02 

35 

0,12 

0,53 

1,94 

3,20 

4,63 

6,39 

9,29 

36 

0,12 

0,36 

1,99 

3,29 

4,77 

6,57 

9,55 

37 

0,12 

0,38 

2,03 

3,38 

4,90 

6,75 

9,82 

88 

0,13 

0,60 

2,10 

3,47 

5,03 

6,93 

10,08 

39 

0,13 

0,61 

2,16 

8,56 

5,16 

7,12 

10,35 

40 

0,13 

0,63 

2,21 

3,65 

5,30 

7,30 

10,61 

41 

0,14 

0,64 

2,27 

3,74 

5,43 

7,48 

10,88 

42 

0,14 

0,66 

2,32 

3,83 

3,36 

7,66 

11,14 

43 

0,14 

0,67 

2,38 

3,93 

5,69 

7,85 

11,41 

44 

0,15 

0,69 

2,43 

4,02 

5,83 

8,03 

11,67 

43 

0,13 

0,71 

2,49 

4,11 

5,96 

8,21 

11,94 

46 

0,13 

0,72 

2,53 

4,20 

6,09 

8,39 

12,20 

47 

0,16 

0,74 

2,60 

4,29 

6,22 

8,58 

12,47 

48 

0,16 

0,75 

2,66 

4,38 

6,36 

8,76 

12,73 

49 

0,16 

0,77 

2,71 

4,47 

6,49 

8,94 

13,00 

30 

0,17 

0,78 

_ 

2,77 

4,57 

6,62 

9,12 

13,27 

31 

0,17 

0,80 

2,82 

4,66 

6,75 

9,30 

13,53 

32 

0,17 

0,82 

2,88 

4,75 

6,88 

9,49 

13,80 

33 

0,17 

0,83 

2,93 

4,84 

7,02 

9,67 

14,06 

34 

0,18 

0,85 

2,99 

4,93 

7,15 

9,85 

14,33 

35 

0,18 

0,86 

3,04 

5,02 

7,28 

10,03 

14,59 

36 

0,18 

0,88 

3,10 

3,11 

7,41 

10,22 

14,86 

57 

0,19 

0,89 

3,15 

5,20 

7,55 

10,40 

15,12 

38 

0,19 

0,91 

3,21 

3,30 

7,68 

10,58 

15,39 

S 9 

0,19 

0,93 

3,27 

5,39 

7,81 

10,76 

15,65 

60 

0,20 

0,94 

3,32 

5,48 

7,94 

10,95 

15,92 


For the motaon in Seconds, for Deg. dec. read Mm. dec, 
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On these Tables, Dj, Hersciiel makes the following obseivations. « I have 
not attempted to extend them faithei than a few yeais backwards oi foiwaids, 
as I am notm possession of any obseiiations that could authoiue me to undei- 
Lake such a woik On the contraiy, I am well convinced, that no Tables will 
give us the situation of the satellites acciuately, till we have at least established 
the dimensions of then elliptical orbits, and the motion as well as the situation 
of then apheha The epochs foi 1789, theicfoic, must be looked upon 
not as mean ones, but such is respect the oibita of these satellites in then 
situation duimg the time of the following obseivations , and the two pie- 
» ceding, and two following yeais, must be ah eady a little affected with those 
enois which are the necessary consequence of om not knowing the lequiied 
elements ” ^ 


Dr Maskelyne’s Method of investigating the Configuration of the Satellites, is 

as Jollovos 


481 Let The the eaith, P the primary planet, a P s the line of the nodes 
of the satellite, a ts a- its orbit, the plane of the pipci rcpiescntmg the plane 
of the ecliptic, and theiefoic hcie may be taken foi that of the oibit ol the pli- 
nct , and on this plane, describe the circle ?3 HD y/ with the centci F, produce 
TP toiTcal).ed the apogee point, draw HU peipcndiculai to the satellites’ 
mbit, and U is the apogee point in that orbit Assume the point S the place 


H 



of the satellite, and take cr,*-=9Cf, join draw /SD peipeiidicular toPTs, 


8 
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and SBi peipendiculai to the echptic , also iJiV, ao, zo, peipendit ubi to 
8 P, and BK to HP Then 1 (lad ) cos aS a Z) tan Sq tin p D, ind 
HDrzHa — qD , also, cos pD cos HD cos Sp cos 6'//, whoso ‘ me 
IS the appaient distance of the satelhte at S horn the pumaiy , and sm HD 
sin pD tan AS'0pr(inc]m of oibit) tan /SJEZ a tlie inclination of the dis- 
tance of die satelhte fiom the pinnuy to a paiallel to the ecliptic Now SK 
the sme of SH uses above oi falls below the plane of the echptic, is a S is 
less 01 gieatei than 180 “, and it will appeal east oi west as HPB is less oi 
greater than 1 80 “ Also, 1 cos HpJJ tan Hp tan Up the distance 
of the apogee point of the satelhte’s orbit from a, and l wx HpU sin,* 
Hp sin HU the elevation (JE) of die eye above the plane of the s itcllite’s 
01 bit, 01 the minoi aias of the sateUite*s orbit on the coelcbtial sphcie Now 
Table I col Bed seives to find the apogee point, and col Lai to find the 
inclination of the visual i ay from I to the planet in lespcct to the pluit of 
the Ring of Saturn, oi oibit of the satellites, the sine of which meiiiiii > the 
minoi axis, the majoi being unity Tlie fiist of the two col Lot otives 
also to find the inchnation of the hue of the ansas of the Ring to the t».)iptic 
Let AD SB lepresent the satellite’s oibit on the calestial spheic, S tlu sa- 
telhte, APi PD the senn-major and minoi axes, then SK (peipenchcuUu 



to PjD)=the apparent distance of the satellite from the piimaiyin a hue 
parallel to AB^ SI its disUnce noith of the primary in a line pcipendiciilar 
to the majoi axis Now SK = IIn=:AP xHin FPH= IP x sin SU (fiist 
fig)=JPxsin (hst sat in oibit from apog point = y/P x sin (long f. in its 
oibit -long ap point) = P x sin (long — long b +icd), also, »S/=y(P 
xsin Ex cos HF=iAP X an. HU x cos SU (&ist iig,)zzAP x sin J(inc of 
Sat oib ) X sin pH (N) x cos SU (^A)=.AP xsin /x f sin H \- A \ sin 
N-A, whence N'±^ = long h -long sat node on its oibit ± (Ion ^ sit - 
long apog ), and these arguments coiiespond to those in Table III Take Uv 
(fiist fig )=: 90 “ eastward of Z 7 , tlien tP^=inchn of the tiansieise axis to 
the echptic, and iTO* the inchnation of the oibit , also, sin zPz sin noz xo 
Px sim itPd (i^P’SS + 90 °) or oos UP p 1, but sin UH sin, inohn. 


3 
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sat oib sm 1, and the inclination of the eye above the plane of the 

sat oib in Table I is hence constructed Therefore, «’P;s=:lat taken from 
Table I with aig UP Si + 90° , and the eastward of the transverse axis will 
use above oi fall below the plane of the echptic, as the said aig is less or greater 
than SIX ' signs. 


t 



JABtLS 01 SATURN’S SiTULIITU', 

TABLE I 

The Laiiiude and Reduction oj Satmn’i, Satdhies 


AT^r rTMPXT'T ^ Geoceutuc Lon<|itiulc of b - a of tlie Satellite’s oibit 
\ Oi the Distance of the Apogee fiom a + 3 Signs 


S I 0 North 


Sitelhtea 

I II III IVV VI 


VI South 11 I Noith 


SnttUitri 

I II III IV V VI 


3 

1 

so 

4 

2 

0 


11 

5 28 

12 

5 58 

13 

6 27 

14 

6 57 

15 

7 26 


18 

8 


19 

9 

22 


I 


Rtdll Lit 


M D M D M 


01 0 0 I 0 0 10 010 oil 11 29 J 26 7 20 0 51 


0 16 0 SI 


6 

3 0 

0 48 1 

7 

3 30 

0 56 ] 
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3 59 

1 4 5 
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4 29 

1 ]2 5 

Q 

4 59 

1 19 5 


) 12 

17 

5 

sO 14 

17 

31 
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M 
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26 
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31 

3 

35 

3 

99 

3 

42 

3 

46 

3 

49 

3 

52 

3 

55 

3 

58 

4 

0 


VII South 


Sitcllite 

VII 


Lit Red 


D M p M D M 


11 North 

vm South 

Satellites 

I II III IV VVI 

Satellite 

VII 


D M D M p M 


5 510 3811 22 31 1 4 6 


26 12 40 


3 6 

8 11 16 4510 48 


S ) XI South + V North 4- 


25 39 3 41 12 57 0 52 J 


4410 5911 29 
55 

hln r; 


24 29 3 55 12 23 

24 47 3 52 12 32 

25 5 3 49 12 41 

25 22 3 15 12 49 0 58 

25 39 3 41 12 57 0 52 


, South IV Noilh + 


29 30 


29 35 
29 41 
29 45 
29 49 


29 55 
29 57 

29 59 

30 0 
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TABLES or SATURN’S SATELLITES 


TABLE II 

he apparent Dti, tames of Saturn’s fiist, second, tlmcl, fouitli, fifth and sixth Satellites from its Cmne/ , 
tn ltnc<i parallel to the line of the Ansce of the Ring , and of the seventh Satellite m lines parallel to 
the longer aais of its appaienl orbit, in scmidiameters of the Ring, and hundredths of the same 


— , 

ARGUMFNr — The Distance of the Sitelhtc iroin the Apogee 

■ 

0 East VI West 

I East VII West 

II iast VIII West 

8 1 

1 

Distance of the Satellites 

Distance of the Satellites 


Distance 

of the Satellites 

O ^ 

30 > 


m 

SI 

ESI 

on 

IQ 

QQII 

I 

11 

IQI 



VI 

VII 






m 

n 

( niid 

sami 

ennd 

cm id 

senud 

cniicl 

scmid 

seiuid 

sennd 

5emi( 

emid 

seni id 

scjiiid 

M mul 

i mid 

,c uild 

st-im 

3emid 

SI mid 

icnini 

8 m d 

0 

0,00 

0,00 

3,00 

0,00 

0,00 

0,00 

0,00 

0,72 

0,93 

1,05 

1,34 

1,87 

4,35 

12,67 

1,21 

1,59 

1,82 

2,33 

3,25 

7,53 

21,95 

1 

2 

S 

4 

5 

0 02 
0,05 
0,08 
0,10 
0,12 

0 03 
0,06 
0,10 
0,11 
0,16 

001 

0,07 

0,11 

0,14 

0,18 

0,05 

0,09 

0,14 

0,19 

0,23 

0,06 

0,13 

0,20 

0,26 

0,32 

0,15 

0,30 

0,45 

0,60 

0,75 

0,44 

0, S 8 

1,32 

1,76 

2,20 

0,74 

0,76 

0,78 

0,80 

0,82 

0,96 

0,98 

1,01 

1,03 

1,06 

1,08 

1,11 

1,14 

1,17 

1,20 

1,38 

1,42 

1,46 

1,50 

1,54 

1,93 

1,99 

2,05 

2,10 

2,16 

1,48 

4,61 

4,74 

4,86 

4,99 

13,05 

13,4.2 

13,79 

14,16 

14,53 

1.25 

1.26 
1,27 
l ,2 S 
1,23 

1,61 

1,62 

1.64 

1.65 

1.67 

1.68 

1.70 

1.71 

1.72 
1,73 

1.84 

1.85 
1,87 
1,89 
1,91 

2,36 

2,33 

2,40 

2,42 

2,44 

3,28 

3,31 

3,34 

3,37 

3,40 

7,61 

7,6 b 

7,75 

7,82 

7,89 

22,17 

22,3 b 

22,58 

22,78 

22,97 

29 

28' 

27 

26 

25 

~6 

7 

8 
9 

10 

0,15 

0,18 

0,20 

0,22 

0,25 

0,19 

0,22 

0,26 

0,29 

0,32 

0,22 

0,25 

0,29 

0,32 

0,36 

0,28 

0,33 

0,38 

0,42 

0,47 

0,89 

0,46 

0,52 

0,58 

0,65 

0,91 

1,06 

1,21 

1,36 

1,51 

2,64 

3,08 

3,52 

3,96 

4,40 

0,84 

0,86 

0,88 

0,90 

0,92 

1,08 

1,11 

1,13 

1,16 

1,18 

1,23 

1,26 

1,29 

1,32 

1,35 

1,58 

1,62 

1,65 

1,69 

1,73 

1,77 

1,80 

1,84 

1,87 

1,91 

2,21 

426 

2,31 

2,36 

2,41 

5,11 

5,24 

5,36 

5,48 

5,59 

14,89 

15,25 

15,60 

15,91 

16,28 

1,30 

1/>1 

1,32 

1,34 

1,92 

1.94 

1.95 

1.96 

1.97 

2,46 

2,48 

2,50 

2.52 

2.53 

3,43 

3,46 

3,48 

3,51 

3,53 

7,95 

8,01 

8,07 

8,13 

8,18 

23,16 

23,33 

23,50 

23,66 

23,82 

24 

23 

22 

21 

20 

11 

12 

13 

14 

15 

0,28 

0,30 

0,33 

0,35 

0,38 

0,35 

0,38 

0,42 

0,45 

0,48 

0,40 

0,44 

0,48 

0,51 

0,55 

0,52 
0,56 
0 61 
0,65 
0,70 

0,72 

0,78 

0,85 

0,91 

0,97 

1,66 

1,81 

1,96 

2,11 

2,26 

4,83 

5,26 

5,70 

6,13 

6,56 

0,94 

0,96 

0,98 

1,00 

1,02 

1,21 

1,23 

1,26 

1,28 

1,30 

1,38 

1,40 

1,43 

1,46 

1,49 

2,46 

2,51 

2,56 

2,61 

2,66 

5,71 

5,82 

5,93 

6,04 

6,15 

16,62 

16,96 

17,28 

17,60 

17,92 

1.35 

1.36 
1,87 

1.37 

1.38 

1,74- 

1.75 

1.76 

1.77 

1.78 

1,98 

1,98 

2,00 

2,02 

2,03 

2.55 

2.56 

2.58 

2.59 

2.60 

3,55 

3,57 

3.59 

3.60 
3,62 

8,23 

8,27 

8,32 

8,36 

8,40 

23,97 

24,11 

24,24 

21,37 

24,48 

19 

18 

17 

16 

15 

14 

15 
12 
11 
30 

9 

8 

7 

6 

5 

16 

17 

18 
1^ 

2C 

0,40 

0,42 

0,44 

0,47 

10,49 

0,51 

0,54 

0,57 

0,60 

0,63 

0,58 

0,62 

0,65 

0,69 

0,72 

0,74 

0,79 

0,83 

0,88 

0,92 

1,03 

1,10 

1,16 

1,22 

1,28 

2,40 

2,55 

2,69 

2,83 

2,97 

6,98 

7,41 

7,8 S 

8,25 

8,66 

1,03 

1.05 

1.06 
1,08 
1,09 

1,32 

1,55 

1,37 

1,39 

1,41 

1,51 

1,54’ 

1,56 

1,59 

1,61 

1,94 

1,97 

2,00 

2,03 

2,06 

2,70 

2,75 

2,79 

2,83 

2,87 

6,26 

6,36 

6,46 

6,56 
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1.39 
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l ,4 (i 
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2.65 
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1.68 
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8,56 
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2} 

2i 

2t 

2\ 
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!0,5 S 

>0,56 

^0,58 

>0 ,fil 

0,66 

0,69 

0,72 

0,7 S 

0,78 

0,76 

0,79 
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0,86 

0,89 

0,97 

1,01 

1,06 

1,10 

1,14 

1,34 

1,40 
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3,12 

i ,26 

3,40 

3,54 

3,68 
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9,50 
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10,30 
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1,11 

1,13 

1.15 

1.16 
1,18 

1,43 

1,45 

1,47 

1,49 

1,51 

1,64 

1,66 

1,68 

1,70 

1,72 

2,09 

2,12 

2,15 

2,18 

2,21 

2,91 

2,95 

2,99 

3,03 

3,07 

6,76 

6,85 

6,95 

7,04 

7,13 

19,70 
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t ,0,24 

20,51 

20,76 

1,41 

1.41 

1.42 

1.42 

1.43 

1,82 

1,82 

1,83 

1.83 

1.84 

2,08 

208 
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TABILS or SATUKN^S SATELLirESi 


TABLE III 

The apparent Distances of Salw n’ 's fiist, second, thud, foiiUli, fifth and &i\th Satellites flow the 
line of the Ansa of the Ring , a'ul oj the seventh Satellite /tom the longer aus of its apna 
lent o)ht, in semidiametei 4 oj the Ring, and huruh edths of the same 

Augumlnp -Aigument of L»tUtudG± distance of the Satellite fiom the Anonce 


U> O Notih 


VI South I tTorth 


VII South II Noiih 


VIII South S 


Disi'ince of tlie Satellites 


Distance of the Satellites 


Distance of the S itellites 


^ viivn i |ii m iv "v~'w'^d 
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The Use of the three foregoing Tables for finding the apparent Positions ofSa- 
luin’s Satellites at any Time, with respect to Saturn and the Line oj the Ansce oj 
the Ring 

482 Fiom Saturn’s geocentric longitude, taken out of the Nautical Alma- 
nac, subtiactthe place of the satellite’s ascending node (at piesent 5’ 20” 54' 
foi ill but the seventh, and foi that 5’ 6° 4'), and theie "will lemain the aigu- 
ment of latitude , with which take the i eduction out of Table I, and subtiact 
it fiom the aigument of latitude m the fiist oi thud quadrant, but add it to the 
same in the second oi fouith quadrant , th it is, according to the sign put at the 
top 01 bottom of the Table in the column of i eduction, and you will have the 
distance of the apogee* point of the satellite’s oibit fiom tire node Apply the 
reduction also, and with the same sign as before, to Saturn’s geocentric longi- 
tude, and you will have the longitude of the apogee point on the satellite’s orbit 
Subti ict the longitude of the apogee thus found horn the satellite’s longitude, 
and there will remain the distance of the satellite from the apogee , with which 
in Table II find the apparent distances of the satellites fiom Saturn’s center, 
measured in lines parallel to the longei axis of the ring, except of the seventh 
satellite, which will be measiucd in lines puallcl to the longer axis of its ap- 
pal ent elliptical 01 bit, and if the aigument be iindei six signs, the satellite will 
be east of Saturn’s ccntei , but if the aigument be greater than six signs, the 
satellite will be west of Saturn’s center, as is inaiked by the side of tlie signs 
of the aigument in the Table 

Add and subtract the distance of the satellite fi ora the apogee to and from the 
aigument of latitude, and you will have two aiguinents, with which enter Table 
III sepaiately, and take out the coiiespondent latitudes, with then piopei 
titles north oi south, standing by the signs of the arguments , of which, if 
both of the same kind, the sum with the common title , but if of different kinds, 
the difference with the title of the greater, will be the latitude of the satellite, 
as seen fiom the earth, measured by its apparent distance fiom the line of the 
ansae of the ring , except in the seventh satellite, which is measured by its dis- 
tance fiom the longei axis of its appaient ellipses, in semidiameteis of the ring, 
and hundredths of the same 

Add three signs to the distance of the apogee from the node, with which 
take out the latitude from Table I with its propel title, north or south, adjoin- 


* The satellite ■will be m apog;ee, when its longitude in its orbit, is equal to Satum^s longitude^ cor- 
lected by leducUon by Table I , and it is m its perigee, when its longitude m its oibit is opposite to 
Satnin^ longitude coriected by i eduction , and it is its greatest elongation, when its longitude u 
90^ fiom the lopgitudcs of the apogee or perigee 7 
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mg to the sign of the argument, which will be the appaient inclination of tlie line 
ofthcausas of Satuin's iing, oi of the loiigei axis of the seventh satellite’s oibit, 
to SatuinS oibit, and the line of the ansae, oi longei axis of the seventh satel- 
Jite’s oibit, will ascend fiom west to cast noithwaid above Saturn’s appaient 
oibit m the hcai ens, oi descend from west to cast southward below it, accord- 
ing as the title adjoining to the sign of the argument in tlie Table is noith oi 
south Change the title of the inclination of the hne of the ansse of the ring 
to Satuin’s oibit to the contrary , and if the inchnation of the hne of the 
ansae of the iing with the title thus changed, and the inchnation of the longer 
axis of tlie seventh satellite’s orbit, be of the same kind, their sum with the 
common title , but if of difieient kinds, their difference, with the tide of the 
greater, will be the inclination of the longei axis of the seventh satelhte’s orbit 
to the hne of the ansje of the iing And the longei axis of the seventh satel- 
lite’s oibit wiU ascend fiom west to east noithwaid above, or descend fiom west 
to cast southwaid below die hue of the ansm, accoiding as the le&ulting title la 
aoith or south* 


4 
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ON SArUEN*8 SATririTES 



Xhe epochs of the SEtelhtes which have been heie given, aie for the meridian o£ Sloughy 

which IS about 2' l%“ yr^st a£ Gi eetva.wJi 
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On the Satellites of the Georgian 

4S3 On Jauuniy 11, 1787, as Di HniscHLE was obseiving the 
he peiceivcd, neai its disc, some veiy small stms, whose places he noted The 
nc\t evening, upon examining them, he found that two of them weie missing 
Suspecting thcicfoicthat they might be s itellites which bad disappeucdin con- 
seipience ol having chinged then situation, he continued his obseivations, and 
in the com sc of a month discovcicd them to be satellites, as he had at fiist 
conjectmed Of this discoveiy he give in account in Iho P/ii/ Trans 1787 

484 In tlic Thil Trans 1788, lie published a fuitliei account of this disco- 
veiy, containing then pciiodic times, distances, and positions of then oibits, 
so lu as he was then able to asceilam them The most convenient method of 
dctcimimng the peiiodic time of a satellite is cithei fioin its eclipses, oi fioin 
taking Its position in sevcial successive oppositions of the planet, but no 
eclipses have yet happened since the discoveiy of these satellites, and it would 
be waiting a long tune to put in piacticc the othei method Di IIlrsciiel 
theiefoic took then situations whcnevei he could asceitain them with some de- 
giee ol piecision, and then icduced them by computation to such situations as 
weie ncccssaiy foi his puipose In computing the peiiodic limes, he has taken 
the synodic icvolution, as the positions of then oibits, at the times when then 
sitiutions weie taken, weie not sufhcicntly known to get a veiy accuiatc side- 
real icvolution The mean of sevcial lesults gave the synodic icvolution of the 
fust satellite 8</ 17^ l' 19",S, and of the second 11// 5' l",7 The le- 
sults, he obscives, of which these aie a moan, do not much difFei among them- 
selves, and theicfoic the mean is piobably tolciably accurate The epochs 
fiom which then situations may at any tune be computed aic, foi the fiist, 
Octobci 19, 1787, It 197/ ll' 28", and loi the second, at 177/ 22' 40", at 
winch times they vcic 76° 4S' noith following the planet 

485 The next thing lobe deteimined in the elements of these satellites, was 
thou distances horn the phnet, to obtun which, he found one distance by oh- 
sen ition, and then the other fiom the peiiodic times (218) Now m attempt- 
ing to discovci the distance of the second, the oibit was seemingly elliptical 
On Maich 18, 1787, at 87/ 2' 50", he found the elongation to be 46", 46, this 
being tlie gieatest of all the mcasuics lie had taken Hence it the mean dis- 
t incc of the Geoigian fiom the caith, this elongation will be 44",23 Admitting 
thcicfoie, foi the piesent, says Di IIeesciiel, that the satellite moves in a 
ciiculai oibit, we may take 44", 23 foi the tiue distance without much eiroi , 
hence, as the squaies of the periodic times arc as the cubes of the distances, 
the distance of the fiist satellite comes out S3",09 The synodic i evolutions 
were hcic used instead of the sidereal, which will make but a small eiioi 

* 
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i 86 The last thing to be done was to dctciinmc the inclination of the oibits, 
and places of tlieii nodes And heic a difficulty piescnted itself which could 
not be got ovei at the tune of his fiist obscivition , foi it could not then be dc- 
teimined winch pait of the oibit was inchncd lo the cuth, and which frmi it 
On die two diffeient suppositions tlicicfoic Di IIlrsciiil has computed the 
inchnations of the oibits, and the places of tlic nodes, and found tlicm IS fol- 
lows The orbit of the second s itellitc is inchncd to the ecliptic 99 ° 4 3 ' 59 ", 9 , 
or 81° 6 ' 4",4, Its ascending node upon the ecliptic is in 5' 18°, oi 8 ‘ 6 °, 
and when die planet comes to the ascending node ol this satellite, whit h will 
happen about the yeai 1799, 01 1818, the noithein half of the 01 bit will be 
turned towaids the east, oi west, at the time of its mciidian passage M do 
Lambrl makes the ascending node m 5’ 21 °, 01 8 ’ 9 °, horn Dr Herschii/i* 
obseivations Tlie situation of the 01 bit of the fiist satellite does not matciially 
diffei fiom that of the second Ihe hght ol the siteUites is exticmcly faint j 
the second is the biightest, but the diffeicnce is small The satellites aic pio- 
bably not leas than diose of Ju'pilei\ Iheie will be cchpscs of these satellites 
about the yeai 1799, or 1818, when they will appeal to ascend tluough the 
shulow of die planet, m a diiection almost peipendicular to the eclijitic In 
the VM Tram, for 1798, Di IlrRsciirL announced die discoveiy of four 
othei satelhtes of the Geoigian, and that the motions of all die sateUites aie 
retiogiade 
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ON THE RING OF SATURN 

Alt 487 GtALILEO was the first peison who observed any thing extraordi- 
naiy in Saturn The planet appeal ed to him like a large globe between two small 
ones In the yeai 1610 he announced this discovery He continued his ob- 
seivations till 1612, when he was suipiiscd to find only the middle globe, but 
sometime aftci he again discoveied the globes on each side, which, in process 
of time, appealed to change then foim, sometimes appearing lound, some- 
times oblong like an acorn, sometimes semicircular, then with horns towards 
the globe in the middle, and growing by degrees so long and wide as to en- 
toropiss it, as it were with an oval ring Upon this Huyglns set about im- 
proving the art of giinding object glasses , ind made telescopes which magni- 
fied two oi three times more than any which had been before made, with 
which he discovered very clearly the iing ot Satin n, and having obseived it 
for some tunc, he published the discovery in 1656 He made the space be- 
tween the globe and the iing equil to, oi lathei biggci than the bieadth of the 
ling , and the gieatest diameter of the ring to that of the globe as 9 to 4 But 
Ml Pound, with a micrometer ipphcd to IIuygi ns’s telescope of 123 feet long, 
determined the ratio to be as 7 to 3 Mi Wiiiston, in his Meinoiis of the 
Life of Di Clark, relates, that the Doctor’s Father once saw a fixed star be- 
tween the ling and the body of Satuin In the year 1675, M Cassini saw the 
ling, and obseived upon it a dark elliptical line, dividing it as it weie into two 
lings, the inner of ■which appeared brighter than the outer He also obseived 
a daik belt upon the planet, parallel to the major axis of the ring Mi Had- 
ILY obseived, that the outci pait of the iing seemed nuiowci than the iniiu 
part, and that the dark line was fainter tow'aids its upper edge, he also saw 
two belts, and observed the shadow of the ring upon Satuin In October 1 714, 
when the plane of the ring veiy nearly passed thiough the earth, and was ap- 
proaching to it, M Maraldi obseived, that while the aims weie decreasing 
both in length and bieadth, the eastern aim appeared a little laigei than the 
otlici for thiee oi foui nights, and yet it vanished fiist, for after two nights in- 
teiiuption by clouds, he saw the •western aim alone This inequality of the 
ring made him suspect that it was not bounded by exactly paiallcl planes and 
tint it turned about its axis But the best description of this singular phseiio- 
menon is that given by Di Huisciiel in the PA,!/ Tnui? 1790, who, by his 
cxtiaoidiuary telescopes, has discovered many circumstances which had escaped 
a 01 1 Q q 
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rt(j all otliei oboCiveih We shall heie give the substance of liis account Figiuc 

105 105, IS a \iew of Satain and its iing, as they ippcaicd on June 20, 177b 

488 The black disc, oi belt, upon the iing of Situm is not in the iiuddlc of 
its bieadtli , noi is the iing subduidcd by miny such lines, as has been icpie- 
sented by some xstiouomcis, bui thcie is one* single, diik, consideiably bio id 
hne, belt, oi zone, a, in tin-) l^iguic, which he has constantly found on the noilli 
side of the iing As tins duk belt is subject to no change whatcvei, it is jno- 
bably owing to some pennanent construction of the siiiface of the iing 'I ins 
construction cannot be owing to the shadow of a chain of mountains, since it 
is visible all lound on tlie iing , foi at the ends of the iing theie could bo no 
shade , and the same argument will hold against any supposed caverns It is 
moieovei pietty evident, that this daik /one is contained between two conccn- 
tiic circles, as all the plimnomena answei to the piojection of such a /one Tho 
substance of the ring is undoubtedly no less sohd than the planet itself , and it is 
obseived to casft a stiong shadow upon the planet The hght of the iing w 
also geneioUy biightei than that of the planet , foi the iing appeals sufficiently 
blight, when the telescope affoids scaicely light enough fbi Saturn Di Hi its- 
curn next lakes notice of the extreme dnnness of the ring He fiequently 
saw the fiist, second, thud, fourth and fifth satellites pass before and behind tlie 
ling m such a manner, that they seived as att excellent amciomotcr to measuio 
Its thickness by It may be piopei to mention a few instances, as they serve 
also to solve some phenomena obseived by olhei Astionomeis, without having 
been accounted foi in any mannei that could be admitted consistently with 
othci known facts July 18, 1789, at 19A 41' 9 sidei col time, tlic tlmd satel*^ 
hte seemed to h mg upon the following uni, declining i little towuds the noitli, 
and was seen giadually to idvance upon it towaids the body of fcJituin , but 
the ling was noi so Ihitk as the luacl point July 23, it 19/i 41' 8", the fourth 
satclhte was a veiy little preceding the ring, but the iing appe ucd to be less 
than half the tluckncss of the satellite July 27, at 20/i 15 12", the fouitli 
satellite was about the middle, upon the lollownig urn of the iing, and towaids 
the soudi , and the second at the foither end, towaids the north , but the ^um 
was tbinnci than citliei August 29, at 22A 12' 25", the fifth sitcllile was upon 
the nng, neai the end of the picccding aim, and the thickness of the aim seem- 
ed to be about oi of tlie chainetci of the sateUite, which, ui the situation it 
then was, he took to be less than one second m di iinetei At the s unc time, tho 
first appealed at a little distance following the fifth, in the shape of a bead ujion 
a thread, projecting on both sides of the same aim , hence the aim is tlunnei 

f 

* In a Paper m the Phil Trans 1793 Di IIehschel oUerves dial, ** since the year 1774 to the 
prcbcnt time, I can find only four obaervationb wheic \ny othci bl ick division of tlit ring is mentiou*^ 
Oil than the one which I have constantly observed, these weie all m Junt, 1780 

a 
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til'll! the fiist, wlndh IS consideiibly smaller than the second, and a little less 
thin the third Octobei 16, he followed the fiist and second satellites up to 
the very disc of the pi met, and the iing, which was exliemely faint, did not 
obstiuct his seeing them giadually appioach the disc These obseivations aie 
suflicicntto show the extieme thinness of the iing But Di Herschel fmthei 
obseives, that theie maybe a lefiaction thiough an atmospheie of the iing, by 
which the satellites may be lifted up and depiessed, so as to become visible on 
both Sides of the iing, even though the iing should be equal in thichness to the 
smallest satellite, which may amount to 1000 miles Fiom a sciies of observa- 
tions upon luminous points ot the iing, he has discoveied that it has a rotation 
about Its axis, the time of which is 10// 62' 15",4 

489 The ring is invisible* when its plane passes thiough the sun, the earth, or 
between them , in the fiist case, the sun shines only upon its edge, which is too 
thin to leflect sufficient light to lender it visible , in the second case, the edge 
only being opposed to us, it is not visible foi the same reason , in Uie thud case, 
the daik side of the iing is exposed to us, and theiefoie the edge being the 
only luminous pait which is towards the earth, it is invisible on the same account 
as before Obseiveis have diffeied lO oi 12 diys in the time of its becoming 
invisible, owing to the diffcicnce of the telescopes, and of the state of the at* 
mospheie Di Heesciiel obseives, that the iing was seen in his telescope 
when we weie turned towards the uik nlightencd side, so that he eithci saw the 
light reflected fiom the edge, oi else the reflection of the light of Saturn upon 
the dark side of the iing, as we sometimes see the dark pait of the moon He 
cannot however say which of the two might be the case, especially as there 
are veiy strong reasons to think, that the edge of the iing is of such a nataieas 
not to reflect much light M de la Lande thinks that the iing is just visible 
with the best telescopes in common use, when the sun is elevated S' above its 
plane, oi 3 days before its plane passes thiough the sun , ind when the eaithis 
elevitcd 2' 30" above the plant, oi one diy from the eaitlfs passing it 

490 In ipipeiinthe Phil Trans 1790, l)i lIiKsrnrr ventmed to hint 
at a suspicion tint the ring was divided, this conjcctiuc was stiengthened by 
futiue observations, aftei he h id had an oppoitunity of seeing both sides of the 
ling His reasons are these 1 The black division upon the southern side of 
the ling, IS in the same place, of the same bieadth, and at the same distance 
from the outer edge, that it always appeared upon the northern side 2 With 
his seven feet reflector and an excellent speculum, he saw the division on the 
ling, and the open space between the ring and the body, equally dark, and of 


* The dibapiiearawce of the Ring is only with the telescopes m common use among Astronomers , 
for Dr IlEiiscnrL, with hit-laige telescopes, has been able to see it in eveiy situation Jk thinks the 
edge of the Ring is not flat, but sphencal or spheroidical 
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the same colom with the heavens about the pi met S The blick division is 
equally bioacl on e ich side of the iing Pi om these obseivations, Di Ilnas- 
CHLL thinks himself luthoiived to say tint Svtuin his two concentiic lings, si- 
tu itcd in one plane, which is piobably not much inclined to the equatoi of the 
pi met The dimensions of the two lings aie in the following piopoitions, as 
neaily as they could bo asceitained 


Puls 

Inside diametei of the smallei iing 5900 

Outside diametci 7510 

Inside diametei of the laiger iing 7740 

Outside diametei 8300 

Bieidth of the innei iing 805 

Bieadtli of the outci iing 280 

Bieadth of the space between tlie iings 115 


In the JStcin dc I Acad at Pans 1787, IVI de laPnAcc supposes tliat tlie iing 
miy have many divisions, but Di Heesciill rcmaiks, that no obseivations 
will justify this supposition 

491 Fiom the mean of a gieat many measures of the diametei of the laiger 
ling, Di Hleschll makes it 46 ',677 at the mean distance of Satuin Ilcnce, 
its diametei the diametei of the eaith 25,89i4 l Fiom the ibove pio- 
poitions thciefoio, the diametei ol this nng must be 204883 mdes, and tlie 
distance of the two iings 2fa09 miles 

492 'I he ling being a ciiele, appeals elliptic il fiom its obhque position, and 
it appeals most open when Satuin is 90° fiom the nodes of the iing upon the 
01 bit of Satuin, oi when Satin ii’s longitude is about 2’ 17 °, and 8’ 17 ° In 
such X situation, the ininoi axis is CKtiemcly neaily equal to half the mijoi^ 
when the obseivations aic induced to the sun, consequently the plane ol the 
ring makes an angle of about 30° with the oibit of Satuin, it will also bo shown 
tint It continues paiallel to itself The situition of the nodes of tlie iiiig, and 
all its othei pha nomcna, may be determined is follows 

iiQ Let a be the sun, AJB the oibit ol the euth, nltsb the oibit of Satuin, 

106 the line ol the nodes , ti insfei these ciieles to the spheie of the fixed stais 
and let them be lepiesented by NZ» NX, and let liVhc the plane of the iing 
extended to tlie same spheic , then F is the place of the node of die nng upon 
Saturn’s orbit, and F the node upon the ecliptic , diaw FiS, and f is the place 
of Satmn when tlie plane of the iing passes tluough the sun , also let r be the 
plvce of Satuin when die plane passes through the caith at c, and diaw crM, 
let « be any othei position of Satuin, and e die coiiesponding place of the eaith", 
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and drxw essm to the abox eiucutioncd spheic , join mJ'^hy i gicat cncle, 
and let fill the peipciidiciilaib cf_p, ?nto upon VR, and wCr, /// and J’T upon 
ZN 

494 The phee F of the node upon the oibit of Saturn may be immedi itely 

found, fiom obsciving the hclioccntiic place of Situm in its oibit axhen the 
plane pxsscs thiough the sun, foi tbit place is the plicc of the node Now as 
the ling IS invisible a few diys bcfoic, and as many aftci it passes thiough the 
sun, to get the tune when it pisses, obseive the tunc when it disappeus ind 
the time when it becomes visible, and the middle point of time is the time 
when the pi me passed thiough the sun, and the pi ice o( bituin it that tune is 
the place of the node of the iing Accoiding to M do la Li-NUL, on Juiiuiy 
8, 17745 the plane of the iing passed thiough the sun, at which tune the lon- 
gitude of Satin n upon its 01 bit was S’ 20° 38', which thcicfoic was the place 
of the node F of the iing Now the node N at tliat tune was in 3 21 43 , 

hence, FN-5Q° 55', the distance of the node of the iiiig upon the oibit of 
Satuin fiom the node of Saturn , and to find the distance VN upon the eclip- 
tic, we have m the light angled tnangle FTN, FN=5&° 55' and the angle 
FNT'=:i^° 29' 50", hence we fnul = 58° 53' 33", 2'F~^° 8 19, and 

the angle NNT=88° 42' 36' , fiom which subti let NFV=30° (492) the angle 
which the plane of the inig makes with the oibit of Sitiun, ind we h ive VZ^l 
= 58° 42' 36", hence, in the light angled tiianglc FFT, we have N2’=2° 
8' 19", and rFF=5S° 42' 36", thcicfoie FT=3° SO' 49', wliieli subtuictcd 
fiom FN, leaves VJSfzzS'f 22 ' 44" the distance of the node of the ung on the 
ecliptic fiom Saturn’s node , and the angle 81 21 19 the inclination 

of the ling to the ecliptic M Maralui made it 31° 20', Hunsius made it 
31° 23 ' 17 " Also, as the longilude of N was 3” 21°. 43', we have the longi- 
tude of the node V of the img upon the ecliptic 5’ 17° 5' 44" Mar 111)1 
found it 5’ 16 ° 17 ' in 1715 , and if fiom that time to 1774 we allow 49' foi 
tlie piecession of the eipunoxes, it makes the place in 1774 to be 5 17 6, 

within 16" of whit it w is found fiom obseivation Hence it appeiis, that the 
jilane of the ung is fixed The pi icc of the node of the ung upon the oibit of 
Saturn wis, iccording to Hut gins, in the middle of the last centuiy 5’ 20“ 
30, Cassini mide it 5’ 22° This is the ascending node 

495 The place of the node may also be found from the tune when the plane 
of the ung pisses thiough the eailh, obseiving, at that tune, the geocentuci»li- 
titude and the longitude, fiom which wc get IN, knowing the place c»f 
the node N Hence, m the light angled tnangle NIv, wc know IN and the 
angle N, to find Nv, Iv and the angle Nol , theicfoie m the tnangle tivF, 
wc^knowify, INF and JIIv, to find >tF, which taken fiom uiV leaves J’ A' 
(fr if wc suppose the angle II VI known, then knowung HI, we find IV , theie- 
foie if we know the longitude of I, we shall know that of V Now accoiding 
to M de la Landp, the ung passed thiough the eaith on Apul 3, 1774, U 


\ 
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which time the geocentric place 7 of Saturn was 21 “. 7'. 38", and latitude 
777 was 2° 27'; if theiefbic we supiiosc the angle HVl to be 31°. 21'. 19", wc 
have 1V=4<°. 1'. 35", which subtiacted fiom 5’ 21° 7' 38", leaves the longi- 
tilde of the node Fon the echptic 5'. 17°. 6'. 3", whicii is within 19" of what it 
was /bund (494) fiom the passage of the plane tlnough the sun. When the 
eaith and Satmn aic moving in opposite diiections, the jilacc ol’ the node may 
be moie accuiately determined by this method, than by the jiassage of the plane 
tluough the sun; because die disappeaiance takes place quickei, and therelbio 
you can deteimine the time more accuiately. 

496. In determining the nodes of the iing, we supposed the incKnation 
known, whereas the inclination is found from knowing the place of the nodes 
by obseivmg the iing when Satuin is 90° fiom the nodes. But by constantly 
obseiving the opening of the iing about the time whoa it is the greatest, wo 
shall get vciy neaily its inclination, and a small euoi in that wdl make but a 
vciy little alteiation in the place of the node. 


UUl. JJl 


497. When the plane of the iing passes tluough the earth, w^e have 

=:tan. 7ra=tan. 31°. 20'=0,6088. As this must take place when 7is with- 
m a few degiees of the node V, it will be veiy easy to compute when the pas- 
sage happens, by assuming some time, and taking at that time the geocentric 
latitude and longitude of Saturn fiom the Nautical Almanac, and thence findinir 
IF, and dividing the tangent of the latitude 777 by the sine of 7F- assume 
two times as near as you can conjecture to the time rcquiied, and the two re- 
sults will diiect you to /ind, by piopoition, a time veiy ncai to that lequiicd : 
thus you will very easily get the time. * 


Ex. On Mays, 1789, the gcoccntiic longitude of Saturn was l r ^ 0 ° au' 

and latitude 1°. 34'. 20", and taking the place of the descending node to be 

11 *. 17°. 18 ', we have 7 F-S°. 3', linnno bm. 1°. 34'. 20" 

, nence, =0,619. On May 4, 

we find die value to be 0,602; hence, the iing passed tluough the cailhbe 
tween May 3 and 4, agieemg with Di. Maskclyne’s computation (301). 

^ appcaiance of the nng when the caith is at any point 

c,-#nd .,atuin at ur, it is manifest, that c is at the same angular chstanci from 
he plane of the ung at Satuin that m is, the angles at being veitical but 
the angular distance of from the plane of the img at ir is nmJumTbv 
w ch therefore measuies the elevation of the eye at c above the plane. Now 
n mto, let there be given mG the gcoceutiic latitude of Satmn and its 
pocentiic longitude, or the point C? on the echptic, then astl cnoiM Vk 
know, wo shaU know or, honce we can find J, Ji the angle l/rwlTch 
subtracted from zcFO g.vcs wr«,; tlrorefotc m Uro trumgle we cal tod 


ON THE BING OF S4TUBN. 


% 


Sp8 


ww the elevation of Ae eye above the plane of the ling. Hence, ra4* < sin. 
mw major axis mmoi axis of the iing. 

Ex. On July 12, 1784, Mi. Eugge observed the geocejntiic longitiide of Sa- 
tin n to be 9% 20°. 34' 48", and latitude S'. 35" N. he also detei mined the as- 
cending node of Saturn’s oibit to be S’. 21°. 50'. s''^ hence, 0^=4’. 3°. 29'. 
4S", and as Gm — Q'. 35", we have ?nF'=.123°. 29'. 48", and the angle mVG = 
4'. 18"; and if wc take ?eF0=:31°. 21'. 19", we have 7nVto=:Sl°. 17'. l"; hence 
nvw = 25°. 38'. 37"; consequently the major axis minoi axis- lad. . sin. 25°. 
38'. 37" 100 43. 

499 The arc dp measuies the elevation of the sun above the plane of the 
ling , hence, knowing the liehocentiic longitude of Saturn on its oibit, or of 
the point d, and the longitude of F the node of the iing upon its mbit, we 
know dF; and we know also the angle dFp which the plane of the ring makes 
with the orbit ; hence, in the light angled tiiangle I<'pdy we hnd dp the eleva- 
tion lequired. 

500. In the same mannei as we have dctei mined the inclination of the iing 
and position of the nodes, the inclination of the orbit of the seventh satellite 
and place of its node may be determined, by measuiing the minoi axis of the 
mbit which it appeals to desciibe at the time when it is gieatest, and compaiing 
it with the major axis, oi twice the gieatest elongation. The semi-minor axis 
is determined by measuring the distance of the satellite fiom the planet, when 
that distance is the least in the whole revolution. 

501 In the Nautical Almanac for 1791, Dr. Maskelyne has computed the 
disappearances and re-appearances of the ring in 1789 and 1790; assuming the 
place of the descending node on tlie ecliptic to be Ilk 17° 18', the ascending 
node of Saturn 3k 21°. 51', inclination of its orbit 2°. 30'. 20", inclination of 
the ring to the ecliptic 31°. 20', and place of the ascending node of the iing on 
Saturn’s mbit 5'. 20°. 52', all according to M de la Lande; and supposing, 
with him, that the iing is just visible with the best telescopes in common use 
when the sun is elevated 3' above its plane, oi three days before the plane 
passes through the sun , and when the eaith is elevated 2'. 30" above the plane, 
or one day fiom the caith’s passing it. 

May 3, 1789, the iing passes tliiough the earth, the eaith passing fiom tlie 
noithern side which is enlightened, to its southern side which is daik. 

August 26, the ring repasses to the northern or enlightened side. 

October 11, the ring passes tluough the sun; when it will change its en- 
lightened side, fiom the nortliein to the southern one , consequently the daik 
side will then be towards the eaith. 

January 29, 1790, the ring passes through the earth, and the earth passing, 
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from the noitliern or daik,to the southern, or enlightened side of the ling, the 
ling will become visible, and continue so till 1803. 

The phaenomena may happen five days sooner oi latei than here set down, if 
the Tables should eir 10' in the geocentiic longitude of Satuin. 

By observation with an achiomatic telescope of five feet focal length. Dr. 
Maskelyne concluded that the nng lepassed thiough tlie eaith on August 28, 
at 11 houi. 


llie following Tables, taken from the Recueil de Talks AstronomiqueSf Berlin, 
I’/Ve, aic calculated to show the apparent figuie of the Ring, and of the oibits 
of the satellites, as seen either from the sun oi the eaiih. 


For the Ring, and Six first 
Satelhtes. 


Aro. Long. T? +13°. 43'. 30' 

a 

0. VI 

I. VII 

Ill VIII 

o 


— 4“ 

- + 

- 4- 

m 

0 

0,000 

0,260 

0,451 

30 

3 

0,027 

0,284 

0,464 

27 

6 

0,034 

0,306 

0,476 

24 

y 

0,081 

0,328 

0,486 

21 

12 

0,108 

0,348 

0,495 

18 

I.'! 

0,135 

0,368 

0,503 

15 

18 

0,161 

0,384 

0,509 

12 

21 

0,187 

0,405 

0,514 

9 

24 

0,212 

0,421 

Oj'JlS 

6 

27 

0,236 

0,437 

0,520 

3 

30 

0,260 

0,451 

0,521 

0 


+ — 

+ — 

+ - 



XI. V 

X. IV. 

IX III. 

1 

1 



Foi the Seventh 
Satelhte. 


Arc. Long, h + 24°. 50'. 

o 

o 

1—1 

I VII 

Ill VIII 


Op 

- + 

+ 

— -h 

orq 

0 

0,000 

0,129 

0,224 

30 

3 

0,014 

0,141 

0,230 

27 

6 

0,027 

0,152 

0,236 

24 

9 

0,041 

0,163 

0,242 

21 

12 

0,054 

0,174 

0,246 

18 

15 

0,064 

0,183 

0,250 

15 

18 

0,080 

0,192 

0,^53 

12 

21 

0,093 

0,201 

0,256 

9 

24 

0,105 

0,209 

0,257 

6 

27 

0,117 

0,217 

0,258 

3 

30 

0,129 

0,224 

0,259 

0 


X^I V. 

+ - 
X. IV. 

+ - 
IX. Ill 



To the q^uantity taken from the Tables, apply the latitude of Saturn expiess- 
cd m nuuutcs divided by 4000, with the sign— when the latitude is north, and 
j- when it is south ; but for the seventh satellite, we must multiply this last 
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quantity by— ; and the result gives the minor axis of the ling, or of the orbits, 
the majoi axis being unity. 

Ex. On April 22, 1Y6Y, the geocentric latitude of Saturn was 1°. 10' south, 
and longitude 5 '. 16 ®. 55 ' ; hence, 


For the Ring, and Six first 

Satellites. 

For the Seventh 
Satellite. 

2 ‘. 16 °. 55 ' 

13 . 43 


2 '. 16 °. 55 ' 

24 . 50 


3 . 0 . 38 - . - 

4000 

- 0,521 

+ 0,017 

3 . 11 . 45 - - 

70 10 _ _ 

4000 ^ 9 

- 0,253 

+ 0,019 



Minor axis - - 

- 0,234 

Minor axis 

- 0,504 






The sign + shows that that half of the ring, or of the oibits, which is most 
distant, is more north than the center of Saturn, and the sign— shows it to be 
more south. ' 

The geocentric latitude and longitude being here taken, we get the apjpefir- 
ance as seen from the earth ; the heliocentric latitude and longitude being as« 
fiumed, gives the appearance at the sun. 
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ON THE ABERRATION OF LIGHT 


FIG. 

107. 


Art. 502. 1 N the year 1725, Mi. Molyneux, assisted by Dr. Bradley, fitted 
up a zenith sector at Kew, in order to discover whethei the fixed stars had any 
sensible parallax*, that is, whether a ^ar s would appear to have changed its 
place whilst the eaith moved fioin one extiemity A of the diaraetei of its orbit 
to the other extiemity C; or which is tlie same, to determine whether the dia- 
meter -/C' of the eartli’s oibit subtends any sensible angle AbC at the star 5 . 
The veiy impoitant discoveiy aiising from then obseivatious is so clearly and 
fully related by Dr. Bradley in a Letter to Dr. Halley, that I cannot do bet- 
ter than give it the leadei in his own woids. I*htl. Trans. N°. 406. 

508, “ Ml, Molyneux’s apparatus was completed and fitted for observing 
about the end of Novembei 1725, and on the third day of December following, 
the blight star in the head of Draco (marked y by Bayer) was for the first time 
observed as it passed near the zcnitli, and its situation carefully taken with the 
instrument. The like observations were made on the 5**‘, ll'’* and lii"” of the 
same month ; and there appearing no material difference m the place of the 
star, a farthei repetition of them at this season seemed needless, it being a part 
of the year wherein no sensible alteration of parallax in this stai could soon be 
expected. It was chiefly theiefbie curiosity that tempted me (being then at 
Kew where the instrument was fixed) to piepaie for observing the star on De- 
cember 17, when having adjusted the instrument as usual, I perceived that it 
passed a little moie south waidly this day than when it was observed before. 
Not suspecting any other cause of this appearance, we first concluded that it 
was owing to the uncertainty of the observanons, and that either this or the 
foregoing were not so exact as we had before supposed , for which reason we 
purposed to repeat the observation again, in order to determine fiom whence 
this difference pioceeded, and upon doing it on December 20, I found that 
the star passed still more south waidly than in the former observations. This 
sensible alteration the more surpnsed us, in that it was the contraiy way fiom 
what it would have been, had it proceeded from an annual parallax of the star: 


* Dr Hook wa8 the mveiilor of thifa method, and in the year 1669 he put it m piactice at Gresham 
Collej^e, with a telescope 36 feet long* Hib hrst obseivation was July 6, at which time he found the 
bright star m the head of D;aco, marked y by Bayeb, pa'^sed about S' 12" north waid fiom the ze- 
nith, on July 9^ it passed at the same distance; on Augu'^t b, it passed 2' 6" northward from the ze- 
nith , on October 21, it passed l^ 48'^ or 50'' north fioin the zenith, according to his observations 

See his Cutki %m lectures. 
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Init In-ing i»mv prcHy wwU nafisficd that it could not, be cnliicl) owing to the 
want of exactiHss ni the obwu’itions .md having no notion of .my tiling c1m‘ 
thill could Ciuiso surli an app.ucnf. motion U'. tins in the star, we began to think 
th.it some change in the luatenals, ot the iuHtunnent itself might have o<-. 
easioued it. Under these appreheu'uon.s we remained .some tune, but being at 
leug'tb fully eoiivi need by several tuals ot the gieaf eNaidness of the insliuineni, 
und finding by the giadual ineu\ee of tlie stai’s distanee liom tlie poh', (hat 
theie must be some regular eause that piodueml it, we took care to exaniiiie 
mcelv at tlie time of eimh olHi-nalion how mueh it was; and about the hegiti- 
iniuj* of Maieh the st u w.'. found to be ‘20' moie southwuidly than at 

till* tune of the first ohservalnm. It now indeed .seemed to have anived at its 
utmost limit suutliwaid, because in .seierul tuals made, about this time u<> sen- 
sible ddrerence was obseru'd in it.s sifuatiou, Uy the middle of April it ap- 
peiircd to he returning back again toward.s the north } and about the beginning 
of .June it passed at the same distance from the zenith as it had done in De- 
cember when it was first observed. 

*' h'roui the ([nick .dtvrationoi tliM st<u‘*s declination about llu.stmie^it iiKieas- 
mg u si-eoiul in tluee d.iys) it was eoiichided that it would now pioceed north- 
wmd, us it before had g;one soulhw.ud of its present situation j and it happen- 
ed us wiis cim|i*etiiml, for tie* st.ir t*oittuiued to muie noithw.iid till Scpttmhii 
fidlowing, when it ag,iim Uec.nne st.tiion.ii v> being then neai ‘20 inoie noith- 
w.mlly llum in .luins and no hss ih.in gif more northwardly than it was in 
Mat ell. From Heplember the star ret nrned towards the south, till it arrived 
in Deceiuher to the same hitiiatiou it w.t(S in ut that time, twelve months, allow- 
ing for the difference ordeelinafion on account of the precession of the equinox. 

“ 'fins was n suflicient proof that the instrument had not been tlic cause tins 
apparent niotioii of tlie stiir, and to find one adequate, to sui’Ii .m effect seemed 
ii difliculty. A mit.ition of the eartlfs axis was one of the first things that of- 
fl'i'cd if ell” upon this o< t .isum } lint it. was soon louud to hi* msufhcient \ for 
though It might h.uc aceonulfd for the ehauge of dcelmation in y Draconis, 
\i*t it would not, at the Mime time agree With the pluenomena in otluT stars, 
particularly in a small one almost nppo.sitei In right ascension to y Draconis, at 
about the same di.staiice fiom the nortli pole oi tin* eijnator; foi^ though tins 
star seemed to mo\e (In* same way as a nutation of tlie earth's axis would have 
inaiie it, ye‘f it changing its deidination but about half as mue*h as^y Diatoms 
ill the same time, (as appeared upon comparing tin* olwervations of both maile 
upon the same days at different seasons of the year,) tins plainly proved that 
the* apiKuetit motion of the stars was not oeeasioned by a ic.il imt.Uiun, since if 
that liael been the cause, the alU'ratiou lU both stais would have been nearly 

'i’he great n‘gularity of the observations left no room to doubt but that there 
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was some legular cause tifiat produced tins unexpected motion, which did not 
depend on the uncertainty or vaiiety of the seasons of the year. Upon com- 
panng the observations -with each other, it was discoveied that in both tlie fore- 
mentioned stars tlie apparent diffeience of dechnation fiom the maxima was al- 
ways nearly proportional to the versed sine of the sun’s distance from the equi- 
noctial points. This was an inducement to think that the cause, whatever it 
was, had some relation to tlie sun’s situation with respect to those points. But 
not being able to frame any hypothesis at that time suflScient to solve all the 
phaenomena, and being veiy desirous to search a httle faithei into this matter, 
I began to think of electing an instrument for myself at Wanstead, that having 
it always at hand I might with the more ease and certainty enquiie into the 
laws of this new motion. The consideiation likewise of being able by another 
instrument to confirm the tiuth of the observations hitheito made with Mr. 
Molyneux’s was no small inducement to me ; but the chief of all was the op- 
portunity I should thereby have of tiying in what manner other stars were af- 
fected by the same cause, whatevei it was. Tor Mr. Molyneux’s instiument 
bemg originally designed for observing y Draconis (in order, as I said before, 
to try whether it had any sensible parallax) was so contrived as to be capable of 
but httle alteration in its direction, not above seven or eight minutes of a de- 
gree j and there being few stars within half that distance from the zenith of 
Kew bright enough to be well observed, he could not with his instrument tho- 
roughly examine how this cause affected stars differently situated with respect 
to die equinoctial and solstitial points of the ecliptic. 

These considerations determined me ; and by the contrivance and dn cction 
of the veiy ingenious person Mi. Graham, my instrument was fixed up August 
19, 1727 As I had no convenient place where I could make use of so long a 
telescope as Mi. Molyneux’s, I contented myself with one of but little moie 
than half the length of his (viz. of about 12 \ feet, bis being 24-}) judging from 
the experience which I had already had, that this ladius would be long enough 
to adjust the instrument to a sufficient degree of exactness, and I have had no 
leason since to change my opinion ; foi from all the trials I have yet made, I 
am veiy well satisfied that when it is carefully rectified, its situation may be se- 
curely depended upon to half a second. As the place where my instiument 
was to be hung in some measuie determined its radius, so did it also the length 
of the arch or hmb on which the divisions were made to adjust it ; fbi the arch 
could not conveniently be extended farther than to reach to about 6°. 15' on 
each side my zenith. This indeed was sufficient, since it gave me an opportu- 
nity of making choice of several stars very different both m magnitude and si- 
tuation, there being more thiMl'itwo hundred inserted in the Biitish Catalogue 
that may be observed with it. I needed not to have extended the limb so far, 
but that I was willing to take in Capella, the only star of the first magnitude 
that comes so near my zenith. 
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My instrument being fixed, I immediately began to obseive such stars as I 
,' 5 udged most pioper to give me light into the cause of the motion already men- 
tioned. Thei'e was variety enough of small ones, and not less than twelve that 
I could observe through all the seasons of the yeai, they being biight enough 
to be seen in the day time when nearest the sun. I had not been long observ- 
ing before I perceived that the notion we had before entertained of the stars 
being farthest north and south when the sun was about the equinoxes, was only 
true of those that were near the solstitial colure , and after I had continued my 
observations a few months, I discoveied what I then apprehended to be a gene- 
lal law, observed by all the stars, viz that each of them became stationaiy oi 
was faithest north or south when they passed over my zenith at six o’clock either 
in the morning oi evening. I perceived likewise that whatever situation the 
stars were in with respect to the caidinal points of the ecliptic, the apparent 
motion of every one tended the same way when they passed my instrument 
about the same hour of the day or night ; for they all moved southward wiiile 
they passed in the day, and northward in the night, so that each was iaithcst 
north when it came about six o’clock in the evening, and faithest south when 
it came about six in the morning. 

“ Though I have since discovered that the maxima in most of tliese stais do 
not happen exactly wlicn tlicy come to my instiument at those horns, yet not 
being able at that time to prove the contiary, and supposing that they did, I 
endeavoured to find out what proportion the greatest alterations of decimation 
in different stars bore to each other ; it being very evident that they did not 
all change their declinations equally. I have before taken notice that it ap- 
peaied from Mr. MonrisrEux’s observations that 7 Diaconis altered its declina- 
tion about twice as much as the fore-mentioned small star almost opposite to 
it, but examining the matter more par ticulaily, I found that the greatest al- 
teration of declination in these stais was as the sine of the latitude of each le- 
spcctivcly. This made me suspect that there might be the like propoition be- 
tween the maxima of other stais, but finding that the obseivations of some of 
them would not perfectly correspond with such an hypothesis, and not knowing 
whether the small difference I met with might not be owing to the uncertainty 
and eiroi of the observations, I deferred the farther examination into the truth 
of this hypothesis till I should be furnished with a series of observations made 
in all parts of the year ; wluch might enable me not only to dcteimme what ei- 
rors the observations are liable to, or how far they may safely be depended up- 
on ; but to judge whether there had been any sensible change in the paits of 
the instrument itself. 

“ Upon these considerations I laid aside all thoughts at that time about the 
cause of the foie-mcntioned phaenomena, hoping that I should the easier disco- 
ver it when 1 was better provided with proper means" to deteimine more pre- 
cisely what they were. 
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“ When the year was completed I began to examine and compaic my obsei va- 
tions, and having pietty well satisfied myself as to tlie general laws of the phaj- 
nomena, I then encleavouied to find out the cause of them. I was already 
convinced that the appaient motion of the stais was not owing to a nutation of 
the earth’s axis. The next thing tliat offered itself, was an alteration in the 
diiection of the plumb-hne with which theinstiumcnt was constantly lectificdj 
but this upon trial proved insufficient. Then I considered what leiiaction 
might do, but here also nothing satisfactory occuiied. At last I conjecluicd 
that all the phsenomena hitherto mentioned pioceoded fiom the piogrcssivc 
motion of light and the eaith’s annual motion iii its oibit. For I peiccivcd il 
light was piopagated in time, the apparent place of a fixed object would not 
be the same when the eye is at lest, as when it is moving in any other diiection 
than that of the line passing thiough the eye and objeetj and that when the 
eye IS moving in diffeient diiections, the appaient place of the object would 
he different.” 

Tins IS Di. Bradley’s account of this vciy impoitant discoveiy ; wc shall 
tlieiefore pioceed to show that his principle will solve all the phainoinena. 

504. The situation of any object in the heavens is determined by the position 
of the axis of the telescope annexed to the instrument with Which we measuicj 
for such a position is given to the telescope, that the rays of light from the ob- 
ject may descend down the axis, and in that situation the index shows the 
angular distance requiicd. Now if light be progressive, when a ray from any 
object descends down the axis, the position of the telescope must be different 
fiom what it would have been if light had been instantaneous, and theicfore the 
place which IS measured in the heavens will be different fiom the tiue place, 
Fio. Foi let 6' be a fixed star, F!Fthe direction of the caith’s motion, S’Ftha di- 
108. rection of a particle of light, entenng the axis ac of a telescope at a, and mov- 
ing through aJP while the caith moves from ctoF ; then if the telescope keep 
paiallel to itself, the light will descend m the axis. For let the axis mn, Fw 
continue parallel to ac , then, consideiing each motion* as uniform, the spaces 
desciibcd in the same time will continue in the same propoition ; but cF : aF 
* : cn av, and by supposition cF, aF aie described in the same tune, tlicrefore 
c», av, arc described in the same time ; hence when the telescope comes 
into the situation nwi, the paiticle of light will be in the axis at v / and 
tins being true foi cveiy instant, in this position of the telescope the ray 
‘will descend down the axis, and consequently the place measuied by the 
telescope at F is 5 ', and the angle S'Fs' is the aberralion, or the difference 
'between the true place qf the star and the place measured by the instrument, 
'Hence, if we take any hne F^ : Ft : velocity of light the velocity of the eaxth, 

* Tlie motion of the spectator amin" from the rotation of the caith about iN axis it. not line 
itakcn into the calculation^ it being so small ai.not to produce any seu'jiblc effect. 
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andjcrin St, and complete the paiallelogram FtSs, the abciration wdl be equal 
to FSt. Also AS'iepresents the tuie place of the star, and s tlie place measured 
hy the mstiument. 

505. As the place measured by the mstiument diffeis fiom the true place, 
let us next consider how the piogiessive motion of light may affect tlie place of 
the star seen by the naked eye. If a lay of light fall upon the eye m motion, 
its relative motions in respect to the eye will be the same as if you weie to im- 
press equal motions in the same diicction upon each at the instant of contact , 
for equal motions m the same duection impressed upon two bodies will not 
affect then relative motions, and therefore the effect of one upon the othei will 
not be altered. Let VF be a tangent to the eaith’s orbit at F which 
will repiesent the direction of the caith’s motion at F, S' tlie stai, join 
S'F and produce it to G, and take FG ■ Fn-- the velocity of light • the ve- 
locity of the eaith in its orbit, and complete the parallelogiam nFGH, and 
draw the diagonal FH, Now as FG, nF leprcsent the motions of light and of 
the earth in its oibit, conceive a motion Fn equal and opposite to nF to be 
impressed upon the eye at F and upon the ray of light, then the eye will be 
at rest, and the lay of light, by the two motions FG, Fn, will describe the dia- 
gonal FII; this theicfore is the relative motion of the lay of light in lespect 
to the eye itself. Hence, the object appears in the diiection HF, and conse- 
quently its appaicnt place diffeis fiom its true place by the angle GFH-FSt. 
It appears therefore, that the apparent place of the object to the naked eye is 
the same as the place measured by the instiument. We may therefore call the 
place measuied by the instrument, the apparent place. Many writers have 
given the ox})lanation in this aiticle, as the proof of the aberration, not consi- 
deiing that the aberration is the difference between the true place and that 
measured by the instrument, or, as you may call it, the instrumental error ; in- 
deed, in this case, the apparent place to the naked eye coincides with the place 
measuied by the instrument, and theiefore no error has been produced by con- 
sidering It in that point of view , but it intioduccs a wiong idea of the subject j 
the coircction which we apply? or aberiation, is the collection of the place 
measuied by the instrument, and therefore the investigation ought to proceed 
upon this piinciple \ bow much does the measuied place differ fiom the true 


lodfilCC ^ 

506. -By Trigonometry, sin. FSt : sin. FtSwFt : FS velocity of the 

. i.* „ « T?fc < . vcl. of earth 

earth ; velocity of light ; hence, sine of aberration = sin. ItSx 


therefore if we consider the velocity of the earth and of light to be constant, 
the sme of aberration, or the aberration itself as it never exceeds 20 , varies as 
sm. FtS, and therefore is greatest when that angle is a right angle ; if therefore 
^ be put for the sine of FtS, we have 1 (rad.) : « . : 20" ; s x 20" the aberration. 
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andjcrin St, and complete the paiallelogram FtSs, the abei ration will be equal 
to FSt. Also 6 'iepresents the tuic place of the star, and 6 the place measured 
by the instrument. 

505. As the place measmed by the instiumcnt difPeis fiom the true place, 
let us next consider bow the piogiessive motion of light may affect the place of 
the star seen by the naked eye. If a lay of light fall upon the eye in motion, 
its relative motions in lespect to the eye will be the same as if you were to im- 
press equal motions in the same direction upon each at the instant of contact ; 
for equal motions in the same diiection impressed upon two bodies will not 
affect then iclative motions, and therefore the effect of one upon the other will 
not be altered. Let VF be a tangent to the earth’s orbit at F which 
will repiesent the diiection of die caith’s motion at F, S the stai, join 
S'F and pioduce it to G, and take FG ’ Fn ' the velocity of light the ve- 
locity of the eaidi in its orbit, and complete the parallelogram nFGH, and 
draw the diagonal FH, Now as FG, nF represent the motions of light and of 
the earth in its oibit, conceive a motion Fn equal and opposite to nF to be 
impressed upon the eye at F and upon the ray of light, then the eye will be 
at rest, and the lay of light, by the two motions FG, Fn, will desenbe the dia- 
gonal FH; this theicfore is the lelative motion of the ray of hght in lespect 
to the eye itself. Hence, the object appears m the diiection HF, and conse- 
quently its appaient place diffeis fiom its true place by the angle GFH-FSt, 
It appeals therefore, that the appaient place of tlie object to the naked eye is 
the ^rac as the place measured by the instiument. We may thciefore call the 
place measmed by the instrument, the apparent place. Many writers have 
given the explanation in this article, as the proof of the aberration, not consi- 
dering that the aberration is the difference between the true place and tliat 
measured by the instrument, or, as you may call it, the instnimental error ; in- 
deed, in this case, the appaient place to the naked eye coincides with tlie place 
measmed by the instiument, and theieforeno error has been produced by con- 
sideimg It in that point of view ; but it intioduccs a wrong idea of the subject j 
the coirection which we apply, or the aberiation, is the collection of the place 
measured by the instrument, and therefore the investigation ought to proceed 
upon this principle bow much does the measured place diffei from tlie true 

soi By Trigonometry, sin. FSt : sin. FtSv.Ft : FS velocity of the 

earth ; velocity of light 5 hence, sine of aberrations sin. FtSx^^^ 

theiefore if we consider the velocity of the earth and of light to be constant, 
the sine of aberration, or the aberration itself as it never exceeds 20", varies as 
sm. FtS, and therefore is greatest when that angle is a nght angle ; if therefore 
s be put for the sine of FtS, we have 1 (lad.) : 5 . . 20 " : 5 x 20" the aberration. 
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Hence, when coincides with FS\ or the earth be moving diiectly to or from 
a star, theie is no abeiration. 

507. As (by observation) the angle FSt=20l' when FtS=^0°, we have, ihe 
velocity of Ihe earth velocity of light •■.sin. 20" • radius-: i : 10314. 

508. The abcnation S's lies from the true place of the star in a diiection 
.paiallel to the direction of the earth’s motion, and towaids tlie same part. 

509. Wlnlst the earth makes one revolution in its orbit, the cuive, parallel 
to the ecliptic, described by the appaient place of a fixed star, is a circle. Tor 
let AFBQ be the earth’s orbit, K the focus in which the sun is, JH the other 
focus ; on the major axis AB describe a ciicle ; draw a tangent YFZ to the 
point F, and KY, HZ perpendicular to it, then, by Conics, the points Y and 
Z will be always in the circumference of the circle. Let F be the true place 
of the star, hny wheie out of the plane of the ecliptic, which therefoie must be 
conceived to be elevated above tlie plane AFBQ, and take tF . FSs^s the velo- 
city of the eaitli . the velocity of light, and complete the parallelogiam FtSs, 
and s will (504) be the apparent place of the star. Diaw FL perpendicular to 
AB, and let WsVx be the cuive descubed by the point s, and WSV be paiallel 
to FL. Now (as will be proved when we come to the physical causes of tlie 

planets’ motions) the velocity of the earth vaiies as-^p^, oi as HZ ; but tF, or 

Ss, represents the velocity of the eaith ; hence, Ss vanes as HZ. Also, as Ss, 
SV are parallel to FY, FL, the angle sSV=itlie angle YFL which is = the an- 
gle ZHL, because the angle LFZ added to each makes two light angles, for in 
the quadiilateral figuie LFZH the angles L and Z are light ones. Hence, as 
Ss vaiies as HZ, and the angle sSV = ZHA, the figures described by the 
points 5 and Z must be similai , but Z desciibcs a circle in the time of one re- 
volution of the eaith in its orbit, hence, s must describe a circle about 5 in the 
same time. And as Ss is always parallel to tF which lies in the plane of the 
ecliptic, the circle WsVx is parallel to the echptic. Also, as S and H are 
two points similarly situated in WV and AB, it appears that the true place of 
the stai divides that diameter which, although in a difierent plane, we may 
consider as perpendicular to the major axis of the earth’s orbit, in the same ra- 
tio as the focus divides the major axis. But as the earth’s orbit is very nearly a 
circle, we may consider S in the center of the circle without any sensible error. 

510. As we may, foi the puiposes which we shall here want to consider, con- 
ceive the eaith’s oibit AFBQ to be a circle, if from the center C we draw Cs' 
parallel to Ss, or YF, s' will be the point in that circle coriesponding to s in the 
circle WsVx, and as PCs' = 90% the apparent place of the star in the circle of 
abeiration is always 90“ before the place of the earth in its orbit, and conse- 
squeatly the apparent angular velocity of the star and earth about their respec- 
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five centers are always equal. It is furthei supposed, that the star S* is at an 
indefinitely gieat distance; for the situation of the star is not supposed to be 
alteiedfiom the moiion of the earth, and consideiing FS as always parallel to 
itself, it will always be diiected to S' as a fixed point in the heavens. Hence 
also, as the appaient place of the sun is opposite to that of the earth, tlie ap- 
paient place of the star in the ciicle of abeiiation is 90°. behtnd tha.( of the sun. 

511. Asa small part of the heavens maybe conceived to be a plane peipen- 
diculai to a line joimng the star and eye, it follows fiom the principles of or- 
thogiaphic projection, that the circle parallel to the ecliptic described by the 
apparent place of the star pi ojected upon this plane will be an ellipse ; the 
apparent path of the star in tlie heavens will therefoie be an ellipse, and the 
major axis will be to tlie minor as radius to the sine of the star’s latitude. For jjjq. 
let CE be the plane of the echptic, P its pole, FE a secondaiy to it, FC per- i 10. 
pendicular to EC, C tlie place of the eye, and let ab be parallel to CE, then it 

will be that diametei of the circle anbm of aberration which is seen most oblique- 
ly, and consequently that diameter which is projected into the minor axis of 
the ellipse ; let mn be pcrpendiculai to ab, and it will be seen diiectly, being 
perpendiculai to a line diawn fiom it to the eye, and therefore will be the major 
axis ; draw Ca, Cbd, and ad is the pi ejection of ah ; and as ad may be consi- 
dered as a stiaight line, we have m7i oi ab, the majoi axis ad llie minor ; rad. 

: sin. abd, oi ECd the slai’s latitude. As the angle bad is the complement of 
abd, oi of the star’s latitude, the circle is projected upon a plane making an 
angle with it equal to the complement of the star’s latitude. 

512. As the minor axis da coincides with a secondary to the ecliptic, it must 
be perpendicular to it, and the major axis mn is paiallel to it, its position not 
being altcied by projection. Hence, in the pole of the ecliptic, the sme of the 
stai’s latitude being ladius, the ellipse becomes a ciicle ; and in tlie plane of' 
the echptic, the sine of the stai’s latitude being = 0, the ininoi axis vanishes, 
and the ellipse becomes a stiaight line, or ratlier a veiy small pait of a ciicu- 
lar arc. 

513. To find the abenation in latitude and longitude. Let ABCD be the fig. 
earth’s oibit supposed to be a circle with the sun in the center at x, and con- 1 1 1 
ccive P to be in a line diawn fiom x pei pendicular to A BCD, and to lepieseiit 

the pole of tlie ecliptic , let S be the tiuc place of the star, and conceive a;pcg 
to be the circle ot abeiration paiallel to the ecliptic, and abed the ellipse into 
which It 18 projected ; let t T be an aic of the ecliptic, and diaw the secondary 
FSG to it, and (511) it will coincide with the mitior axis bd into which the 
diameter is piojected ; diaw GCxJ, and it (511) is paiallel to pq, and BxD 
peipcndiculai to it must be parallel to tlie major axis ac , then when the earth 
IS at A, the star is in conjunction, and in opposition when the earth is at C. 

Now as the place of the star in the circle of aberration is (510) always 90* 
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before the earth in its orbit, when the eaith is at A, J5, C, D the apparent plac-’s 
of the stai in the cade will be at a,p, c, or in the elhpse at a, b,c,d, and 
to find the place of the star in the ciicle when the eaith is at any point JS, take 
the angle pSs=iExBt and s will be the corresponding place of the stai in the 
cade j and to find the projected place in the ellipse, diaw sv perpendicular to 
&, and vt perpendicular to Sc in the plane of the ellipse, and t will be the 
appaient place of the star in the ellipse; join st and it will be peipendicular 
to 'vt, because the projection of the circle into the ellipse is in hnes peipendi- 
Gulai to tlie ellipse ; draw the secondary PuK, which will, as to sense, coin- 
cide with »?, unless the star be very near to the pole of the ecliptic ; theiefoic 
the rules heie given will be sufficiently accurate, except in that case. Now as 
evS IS paiallel to the ecliptic, S and © must have the same latitude, hence ©/ is 
the abeiiation in latitude ; and as 6? is the tiue, and K the appaient place of 
the stai in the ecliptic, GK is the abeiiation in longitude. To find these 
quantities, put m and n for the sine and cosine of the angle sSc, or CxE the 
earth’s distance from syzygies, ladius being unity , and as (511) the angld svt 
=rthe complement of the star’s latitude, the angle ©5/=the stai’s latitude, foi 
the sine and cosine of which put © and and put r=Sa oi Ss ; then in the 
right angled triangle /S's©, 1 ; «i r sv=?'m , hence, in tlie tiiangle vts, 1 . © 
:: m : tvzzrmi tlie aberration m latitude. Also, in the triangle 6*6©, 1 : r 

: >oS—rn, hence, xe (13) : 1 ;• m . the abeiiation m longitude "When 

the eaith is in syzygies mzzO, therefoie theie is no abeiiation in latitude , and, 
as n IS then greatest, thcie is the gicalcst abeiiation in longitude ; if the earth 
be at A, oi the star in conjunction, the apjiaicnt place of the stai is at a, and 
reduced to the ecliptic at IT, theiefore GH is tlic abeiiation, which dimiiushes 
the longitude of the star, the Older of the signs being <rCr7'; but when the 
eaith IS at C, or the star in opposition, the appaient place c reduced to the eclip- 
tic IS at F, and the aberration GF increases the longitude , hence the longi- 
tude is the greatest when the star is in opposition, and least when in conjunc- 
tion. When the eaith is in quadratures at D or B, then n=0, and m is gieate&t, 
therefoie there is no aberration in longitude, but the greatest m latitude, when 
the earth is at D, the appaient place of tire star is at d and the latitude is there 
increased, but when the eaith is at B, the apparent place of the star is at h and 
the latitude is diminished ; hence, the latitude is least in quadratures before op- 
position, and greatest in quadratures after. From the mean of a great number 
of observations. Dr. BraMiRT detei mined the value of r to be 20". 

Ex. 1. What is the gieatest aberration in latitude and longitude of y Ursce 
minoris, whose latitude is 75°. 13' ■’ Here m = 1, ©= ,9669 the sine of 75°. 13'; 
hence, 20" x ,9669=1 9",34 the greatest aberi alien in latitude. For the great- 
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est aberration in longitude, n=l, tt>=,2551 } hence, — — =78", 4 the great- 

,2551 

est abeiration in longitude. 

Ex. 2. What is the aberration in latitude and longitude of the same star, 
when the earth is 30° from syzygies ? Here jm = ,5 ; hence, 19", 34 x ,5= 9",67 
the aberration in latitude. If the earth be 30° beyond conjunction or befoie 
opposition, the latitude is dimimshed ; but if it be 30° after opposition oi before 
conjunction the latitude is inci eased. Also, « =,866; hence, 78'',4 x ,866= 
67", 89 the aberration in longitude. If the eaith be 30° from conjunction, the 
longitude is diminished ; but if it be 30° from opposition, it is increased. 

Ex. 3. Foi the Sun, wj = 0 and n—1, tt)=l ; hence it has no aberration in 
latitude, and the aberration in longitude = r = 20" constantly. This quantity 
20" of aberration of the sun answers to its mean motion in 8'. 7". SO'", which is 
therefore the time the light is moving from the sun to us at its mean distance. 
Hence, the sun always appears 20" backwarder than its true place. 

The following Table wiU lender the calculation shorter. 
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The Argument for the Longitude is. Long. Sun- Long. Star. The Argi 
ment for the Latitude is. Long. Sun— Long. Star — 3 Stgns. 
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•To find the aberration in I , multiply the quantities taken firom 

this Table of the star’s latitude. 

Hx. Let the longitude of the sun be 7*. 5°. 18', the longitude of a star S’, is®. 
3.4-', audits latitude 31°. lo'. 

r. s°. 18' 

s. 18. 14 


1. 17. 4 — 13",62 

31. 10 sec. - - - - 1,169 


Abenation in Lo^iVttcfe * —15,92 Pioduct. 


1 • . 1 7°. 4' - 3* = lOM 7®. 4' - 14",65 

31. 10 sine - - - - 0,5175 


Aberration in Latitude - - — 7,58 Product. 


514. When the earth is at the star is in doiyunction, and its apparent 
^lace at a; theiefoie the angle Aa!E descnbed by the earth firom conjunction, 
■or the angle sSa, shows the elongation of the star fiom the sun. 

To find the aberration m Right Ascension and BechnaUon, we shall, in part, 
ibllow the method given by M. Cagnoli in his Trigonometry, as being the 
most convenient for piactice, and fiom which M. de Lambre has computed a 
set of Tables, by which the aberration may, at any time, be very readily found, 

515. To find die aberration in Declination. Let abed be the ellipse of aber» 
ration, and P the pole of the echptic, as described in the last figure j on the 
major axis ac desenbe the ciicle apeq^ which we will now suppose to lie in the 
plane of the ellipse, and then every point of this cotzle will be projected into the 
same point of the ellipse as before^ let R be the pole of the equator, and per> 
pendicular to RS draw the diameter MN of the eHipse ; also draw BMC, 

perpendicular ac, and TB,wiIl be the corresponding diameter of the 
circle ; draw FS perpendicular to BY, FQD perpendicular to ac, and QEt per- 
pendicular to fiom any pdnt X let fall XsE perpendicular to or; dkaw 
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Xm st peipendiaul'u to ST *uid MN ioBpectivdy nd w oi Im ito to (lio 
dumetai MJT 

16 Afl the po nt P of tl e cude lies it tl e I slince of 90 fiom tho dia 
metei BT the ^oiiotci i ill be p ojccted into i d m olo QS/ whicJ 

be coqj gite to MSN" ind theiefoic a lingenl it Q u j a Uol to AIN lionce 
on u tl 0 gieitest y oipendiculiu on MN an 1 cooBequontly it is the gieitcsl 
ibeiiition in declination fbi la MN a tlio piqjocUon of 'ffluch is pei 
pendiculai to the ciiclo of dediniUon SS the o cm be uo ibuiiUon iii MN 
also 18 the aboiiaiion in declimUon it ai y pcnni s Now when tho a] p uoul 
place of tho atai is it a the alu u ( IS) thon in coi\)unction ind as Uic mo 
tion of the sun s (SIO) equal to the motion of the Btu in tlic cuclc aj^ 
whilst the stii moves flom s to Q it tho ell pse ita motion in tho ciiclo would 
be XT witch theiofoie lepioscnts tho sun a motioi in tho sune time >t the 
m bon f om the bmo whon tl o slu i& it s to iho Urn when Uio ibuiit on ii 
doclinibon la tho gtoilest A-lso ( 14) tho uc Fa shows the olongiUon of 
Iho etu fiom the sun when tho stu '^ipe us at Q ind \a tho dongiboii wlion 
ats 

17 Whon the stai is at 4 it is the iboiiibon m dedinibon and is Uic po 
sibon of s/to sv IS const \nt al vanes as av but ao is Iho \ cgecUon of ui 1 
thoiefoie m a given i liio to it hence at vines is Xit the uno of XT oi cosine 
of XT that IB the abeiiation in dcdinatton at any tune is as tho coamo of Llic 
sun B distincQ fiom tho point wheio it wis when d o iboii ition in loolmalion 
W 18 the gieitest 

To find 077 wo hive by tho piopoity of (ho cUipse 07/ x SAf=jS</x Sc 


hence 


JSd _ ^dxBS 
'Sc Sa?"6A/xJ3S 


= (bociuso 


CMxBS 

Cff" SAIxCB’^TSI 


^ ° ^n QTT cS sin M&a sin BSa 


8111 


FSR cos FSa honce 011= ^ ^ tho greatest iboiiabon in de 

cos I&a ® 


dbnibon 


no 18 Let P be the pole of tho equator QFfy 0 the pde of tho ecliptic 
esy ^ the place of the star PiS^Af i cucle of dodinition OSI a cuclc of 
Jabtuda dien L has tlie samo longitude as the slu and theiofoie ( IS) it 
milks the plac e of tho sun whon the aboiiabon in lit tudo is nothing Diaw 
tho ende STB perpendicular to J SX and Pwill be thtf place of the sun when 
no tho ibeirabon m dechnabon la the greatest for by Coma IfN WT S& 

S|p ( il)am Btfiislat rad also WN TFT tan NSJFf oi PSR tan 


\ 


olf mn: a&cbbatio)? or jA&nt 


^10 


oi cot ISa 1 enco sn stoi s lal id tan PSIt cot JMto But 
^in Sf (tho stusht) i 1 cot 2SL oi tm LSM cot TL hence 
tile il ICC flist to nw 1 1 these two list p op t ons bo ng lespocUvely eqiul the 
ll9) = iXf(rig 113) ndTSflP epxesents tl e mot on of the son 

it om tl e i mo wUon 11 o ibeiiit on in led at on s the gieateat to ooqjonction 
•xtid. Xf lopiosenlsthoilaceoftlio BUI it conjunct on I nust bo the place at 
tlie g oatoat ibc lation Ilcncc by the la t A tide tl e g eotest aba U on in 


clocli laUon = y i — 

cos Ji 


Bui n tl e iiion I coa TSL oi sin 


2\JSL =sn jyS cos JX Icnco the g oatest abaiation n Icchiatonbe 
coineb 20 xsn LI 6 Also i Uio 1 ungle XTIA an LI JR o Bin LTS =. 

(because the measuie of ERT s AS and AE is the 

siu El 

complomont of ER) Hence we got tl e gieateat baiatiou 

m decl natit 11 =3 fiO x cos ii ht oscensioi xun Icc Ivded by the an of 
tliL Bun 1 ing tile at tli time when the baiation s gioatest subt activo 
Thoiofoio IS Uie ibo lalion it oi y oU a t me ( 17) os the cosu e of the sun s 
cli&tinco fioin that place who o it was when tli abc lation was tie gieit 
ost iC X be the sun s long Uido it Iho time of ilio gicaloat obeiiation in 
cloclinilioii subliocUve S its Ion iludo tany oiha tiino A Iho stais light 
asconsi >n D its declination 0 the obliquity of tho ecliptic tho ibenation at 

tlMt Umo _ 3, 

Sin I 

os S+sin J em~ coa I 


— go XCOS ^ sill 1) cos i =.„c„iuo« p 

in J ^ Bu / 

A sin E X cot L x cos S — • 20 x cos A x Bin E 

cot I RT Bii J 


sss:- cot 7)— 0 CO 
X sin S But (lug lifp XLV ) cot LI oi cot Z= 

cot D 


j-cos J xcot J i?=(bccuise col ton A) 


no 

113 


sin LR 

s n 0 ^ 

3 COB 0 X 

COB A 

t \T\ A honco the aba ition in dechuation bocomoa- 20 =Bni)xcofl SxcotE 
X sin O I flO coa A ysn E cos S x cob 0 x tan ^ — 90 x cob x b d Ex 
sill 5 = (boc iBO B tt Z y cot Eb=lo8 E vnd cos A x tan ^sftn^i)— 90 x an 
O X cos E X cos S I- 20 X COB 0 bti A xsio E x cos i S — 20 x oBAxemE 
xsiniS=— 20 xsnOx cos Ex coa 5—20 xsn Ex cos ,<4 x sin S — cob 0 x 
sin A X coa T Fa doutb dddination we nust e bango tl e signs But by 
Tiigonomctiy pos Zxcos 5=;;^ cos ST25 h — cos S—E vnd cob ^xam 
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OK THL ABiEJurioK or Lioni 


81Q A + am •iIto lu Ax cos iS=- sin A + ^ \ — am A — 

honco tbo abar t on uz JDecbnoffOti= 

+ 10 xl+_o$_Oxai A^^x-nuD^ ^ I IJ I7xsin ?r~ S xain I> 

’^loxl^coe Qx am siniJf J- o 8 xsiu A[-Sxan D 

- iO X B n O X eoB A-.g { ” ) " ® JA x co& 'S~D 

- 10 X ma O X cos A+Z) ) ( - J8 x cos STi> 

Tlie two list teima must hive thou y ns ohingod when Iho doclinitioii i 
south 

19 To find tlio sun s pi we when Ihc ibcmtiou is tlie gieaiost wo 1 vve 
ntl ti ingle i 52 an SI iid tol ZWi cot ZZ tlioitfb Inowiif. 
the lougii do of the aUu oi of tl o po it J U c Ion Lii I ol Z tlic plico of the 
sun IS known llenco wo f ud tho sun s Ion iti dc w 1 u tl o bciiition is t, z oat 
cst subti wjiivo ” 

no 80 To find the <ibo lahon m JR/ A/ iacemon I ot A bo die t no pi ic c ol 

theelaa oded the elhpso ol iboiiation iqwy the cucumsciibing tuclc 7 tlu 
polo of tho etdipUc md Jf. dut of the cquato md let ATAjV be a conjiifcuU 
diamotei to A 6 B diiw ZWC I>AV poipondiculii to ca jo n FA di vw CSA 
wludi must bo peipeudicuhi to VS and diaw MQ pupend oulai to AB dso 
bora any point Q duw peipendiculu to ca and QZ go puptud cula tt 
8 V Sii lespecUvoIy md s; oaoidiuit to the bimetai AB Now it w ma 
nifeat thit A i& the appoicut pi we oi the sli when die ob ii it o i in iit,lit ns 
cons on b nothing md ^/wb n t is eatest bccius i tinguit it A/ i 
puillol to uii? By diopioputy ol die llipso J/C iS = dSxcS Lhoioloic 

A 9 rSoiSV dS MO honoo ^ rfS ilfC but AX> IS 
VD Sq tboiefoio 8j MC tbit is die ynt ol Va tho sine o) 

ASa 01 COB J SR 20 jlZGss — ^Jn ** cititest iboiiutioii 

in n^ht iBceumon If the stai bo it any othoi lont i dioi go s tho ibciii 
don in 1 ghl iscuis on but c s in i givon iitio to a and s/ is in a given 
lido to QF bociuso QZ’is piojooled into » hence so vi its is <2 7 the siiii 
of QV oi cosmo of KQ Uio dialmeo of tho sun liom that point vvlieie it w i 
no ^ben die aboil ationwisgicilest Now tan ASD oi eot I SR tui VSa 

\] ) am BtuB lot lid ( li) bat tin 1/7 tin il7S7 sin 

“4 Shi slat lad honeo ia 1 SR=ilfA7 dieting VSaxi\n 7^/isconsUnt 

thoiefoio Jilf s Ihocomplonontof rSfl honco IMzzKa tho cbigatioii 
cfUie sun fifom tbo Bti whende ibeinUon is ^.icitost tlioitfoic M i 

S 



OH imi ADC^VTIOH Ot LTOirr 

the plico of tho sun it thit time the longitude of wli cli put es Z it the 
time when the iboiiition u gi ite&t subtiictivo Henco tho gteateatabei 

iiUon in iLht wceniion =?^ — ^ f*/— 'Ihis n tlio ibemton it the 

slu ind theiofoio leduced to Uio equ itox t (1 ) becomes — ^ 

^ ^ ' cos Afixcoa BA 

But ssBin ^ ^ - - "y thoiefoic the gieitosl ileiie 

cos Ml sui Ml sui Z 

lion subtiict VO becomes . / L. henco tl e iboiiiUon n iilU ascon 

/\a 71 flin / 


—20 X sin 


-Sion it any othoi tune — — 1 . — 

'' cos z) X 0 n Z 


— 20 X sin A 


X cos 


xcos / cos S+sin Zxsin 6 = 

nSO sin cot J xcos S-20 xsn yi sm (bcciuse cot Z=cos 

cos D 

^ . jN— 0 sin z( X os S X cos O x cot /I — 20 x sm A sin S 

O col A)— 

^ ^ ^ ^ ^ ^ ^ — Now if wo 'Ui|^ 


luent -4 by 00 oi 0 situs llic nnm latoi of Ui s fnclion bccomos the same 
IS tho cocfltcicnt ot sin D in tlic ibcii ition oi dccbnation botiuse tho sm A 
=:cos IThi and cos -icsin A i-3» Bnt to loduco this Ibithoi we have 
os Axloh S= 3 ^ cos A-i Ji+^ cos A-^B and sm Axvn Ssj- cos 
I ^ J1 — cos A y J) htneo tlic nbo intiou in. Jit ht Axewton = — 

10 X 1 + cos 0 X cos yd— ^10 X 1— cos O X QOS A+^ _^ ^ 

cos jy 

10 17 xcos yi-^— 0 88 xcos 1 b x scc jD 

21 Af. d/ ( 20 ) B tho plico of the sun wlion tho aboii ition in light ascon 
ion IS tho greatest wo hi\o cos ATM Uui AT Ibo slai s light ascension 
lad tan J M (ho sun s longitude Uenco wo cm ilnd tho sun s longitude 
1 hen (ho abcii ition is gicatcst subtiicUve 


22 Tiottll'thc 0 o\piosBions foi Uie ibeniUon in light ascension and dccl 
nition M dp 1 1 mia has computed Uio following Iablis by which tho abei 
lit on of 1 stu at my time miy be icij lOadily found 
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USr 01 ilir lABLES 

JnUiei ll scorn on) 
i)=tho kdinion 9 
^=tlio loi Lu lo )i tl c SI 

Intel J llo I w th the oi iin nt A—^ md 'lillc 11 s\itli 1 + S ml 
ll 0 sum of the Imo coiiospoud n n mbc s milt pi el bv tl c bccint of D 11 
bo il 0 ibcii lUon i lii ht Atcensim 

I atoi 1 iblo I swUi tho u umont A'^S-\ 9 s ^na in I 1 iblo U Ih l-A 
h 9 ai n n I tlio sum of ll o two co cai o d nf, i in boie itiulliplio I bj tlio 

sino ol D w ll be tbo flist pait of ibo be i it on u dec! untiou 

Intel I iblo III w tl tl n uiticiilB 6 + 7) Mil S~D -u I you vill lu o 
tMOoU jail f do boil vt on kclnat n ind tit sum of lUcst Unco 
pmls will \t tlio m 1 ol^j ib( bolt i BecUnaUon 

II the dtdiniUon of tlic si u be south idd s i. signs lo 6 I D nd S -*Z) 


Is lo find the obori aboil of Agwh on Moy 10 170 at IS o docl m 
the eiomiig 


^=0 3 1 

6 = 1 0 12 


A^S= 8 0 fiblol 1 

ul-t6 = ll 1 I tblo II 1 o s 

l-S 9 

DssS 20 flccmt 1 011 


Abciisbon in ii/ hlAsccmon 


i-8 J98 lioduct 
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Oft ton AfisEaiTtoft ai tioni 


j-$ + 3Bign9 11 0 Tablo I ~i7 S3 

ji+y+3aign9 2 1 24 Iiblcll + 0 ii 


-17 17 

2>saO 8 SO <uno 0 14 

S si 20 12 

■■ ' * 2 40 Pioducl 

£+D=l 88 SaTlbloIII -8 08 

5-D=l 11 8 Table III - 97 


Abcriation an JOechmUon - 7 4 


li tho stoi B deolinataon h id been mitl ihon 


£fH<JD + e Blgllfi:^7 38 saTttblelll +8 08 

^y-D + e slgneJaY 11 58 lablolll + i 97 

riiBt 1 ait - 8 49 


Abeinition in i>eo^fton +8 6 


The abori'iticn of *1 star 'vppboi to ita appoionl ploco t,ivcB the tino place 

83 Or tho obciiation of a stai ma/ bo Uiub found 

jFln the Ahetratiml m Longitude 

Cosin lat lod so M oi mixiinum 
Aberration as o tending to excess when tho sun b long tudo is d gioatei than 
that of the star ) oi tho oigumont of abeiiation issthe sun b long -tho Btv s 
long -3 


the AhttaUon tn Latitude 
Rod s n lat o ilf oi maximum 

Aberration a 0 tendin to oxceas when tho Bun s longitude xb opposite that 
of the star ( or the aiguinent as always tho sUn s long - tho bI u s long ± 6 

4 



ON TUO ABIilinVTlOK Or JlOUl 


JV» the AbataUon m Ei^ht Aeccm on 

Sn ht nd cot P o 1. position tTii / 

Cos leclin xai Z cob J xia4 SO If 

sn in^XoifcKquid oflon j;|*> 

r X] W* Ifij f ^ 

Sloi in tecond oi ffui d quad oflou^ ^ V 

Tiko \<^S 80 IS to bo feuilian 6 rhcn tlie iboiistiou in ^1 1 'iscensionss 
- Jl/x cos (A<^5) 'll! I f \ ~jS bo less Ihm 3 the sbo lat on is— if gieitoi 
tl au 3 it 18 h wheic S=BUJi s Ion itudo 



= Y 


JHot P e Abertahonm J^oiQi'pdi. i 1 stance 


Sin Blai alt lod tan i tm 2 
Sn^ani 20 if 


btai m^/ 8 f 01 toa/qiiod of long 


St-u in Kcofidoi Put d quad of long ^ 


Btai s Ion. 


I + / + 3 f - 

+ A-3( 


XiCt SsBun s longitude and toko X'^Sw os to bo than 0 Then tbp 
ibennlion in N 1 D e=— AT x cos ( and thnn 3 aij^ns, 

tlio oboiiation la— if gt eater than 3 Bq,nB it m + 


Iho lulo Di iMfABKLLTNT thus investigated Lot J bo tiio pple of U>o 
oquatoi 1 that of the edipt c the sta t the placo by abeimtion iSn Iho 
oboriation portllel to the ecliptic W thit in north polat distance diiv ’em 
porpendicuUi to Si uid /tf to Iben 1 (iid ) coa i <SJ So t;»s 

Sv cos PSJ 1 am 1 8L Sv iSoisaSoxam P6P 1 cos I ££i to 
ods/Dxcos P&L 1 Bin ISL tv fd^ivx’an PSJE honce the ibci 
ration paiallel to the oquatoi =om+ tds(callii]g S the angle 1 SIf) iSo x cos S 
+ /ox Bin 6 ind this divided by cos gives the obeiiation in AP also 
the aboij ition in N F D s Sm— ods5^x an /oxcos JS But by Ail 
13 iSor=20 xcos (olong iiilon) ond/osSO xatn lat xsin (olon - ^ 
Ion ) Now let sin ;S am lat coa iS sin Z cos tan Z 1 tlien by 

subatitutioD the aboiiaUonmN P D =20 x ^ x (ain Z x cos (ol 
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ON iin Aujiuuiiov 01 jTonr 


-♦l)-cos -^fxaxn (ol - ^ 1 )=20 x x m (ol — tl — ^ 

13utwlon(ol — *I — /0=^ Uc-ibuMtionriinax (JJ/) 1 once sin 7 

siQ S ao M md in m/ olloic*! lie iboii ition = Af sn (ol ifl 

•— ^)=Afxcos (ol — *1 •— /+3 hig ) Also lol su tl I 1 cot S 
tin jS llion bj subsUlutiou Uio ibeintiou p-uoUcl to tlie cqu vtoi = 20 

~ J X (sin Zx cos (ol “ cos /x sin (ol ~ *1 )) =20 x 



\ 


^ X sin (ol -+!+/) hcnco tli6 *0)011 aUon n lS=s x 

Sin ^ cos dec 

^r~j^ ^ ■“ *1 I /) Butwlien (ol — *1 +2f)=90 the ibomtion 

cssmav (itf) 1 enco cos dec x sin / cos S 90 M *ind m any oUioi 
case llio abeuntion in AJtssJUxbin (ol - *1 i 7)^sM x cos (ol - *1 
F^+9 6ig) luUiigtloflla Uioiofoio ilo ill Hi qi aland, and a ijnn* 
do signs of ibo quantiles accoidm ly \io got tJic (bflciont ciscs speciflcd 
above oa gii on by Di M isi li inl 


21 Di Bn&nij v boa slio-wn Iho ogicomonl of I is tlieoiy with obsci\ aUon 
which wo rtioU heio put down foi tlicsatisficUon of the loodci 
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D Brvdtty luillioi (bscivc ll it ii ibovc 70 obBGiVRlioiis m'ulo in i jcic 
Ml J)i ico)u the w IS but 010 (ml llul IS noted vu) dubious on nccounl 
ol cl 111 Is) win h I llojcd i ( it tb ui P i om the thooiy m I tint lid not 1 ff 
*3 Ani in vlout o b uvitiona n vdo m \ yen on Unamajoitr 1 hi 
not (n l V Ifi once ol 3 evtept n ono mil od doublfbl on iccoQAt ot tho 
11 1 lul itio 1 ol tilt i &c id that did not difRn 9 1 his igiocmont boU et ii 

the tlicory iiid obsoiv^tioti Icwci no loom to doubt but tlntth oou o a igl tly 
wiftiic 1 Audi! UiiB bo Uio cisfl tlio winuil pn dll'* of Uiofixod tusiinat 
be e\l tmol) mil I btluvt sayi tho Dr U vt I nny vtntuio to ny tli 
lu ciU ti ot the ibovc mciiUontl sIub it loos not amount to 2 1 b 1 ovt il 

It wt 0 1 I should hivo ptiteivcd t in Ihcgicat iiuinboi of obaoivvt oib tlintl 
nul cspcually on y Di'iconis whit! igiooin^ witl ilio thco y (w thoit il 
lo m my thin In piinll x) no ijy as woU in conjunct on with as m oppo 
s t on to this stii It we ns vciy piobnbjc tjiil the p u ill vx is not so ^ cit ns our 




OM Tiir AmnRATiOM or Lioirr 


M ijjlo secoQtl uid cojuequently llidt it is ibove 400000 limes fu ll ei f om n 
til Ml the 8 in lie bsoivitions of Mt Pi amstlad of the diflcicnl di tauce 
of the 1 le atai f oin tho pole it diff lei t times of iho yen ind i^hich wis 
lo kcl upon s pi of of Its iiiiuil puiUaA wis imdo btedly ow n loUis 
c use Toi ho oncludcd tint the sill svis 35 40 oi 4 none thoiol in 
Dcceiibei tli ui n Miy oi luly nd iccoid nj, to th b hypotl osis it ou 1 1 to 
ippoii 10 nouoi in Doccmbei dun lu luno Ih igioemoit is gicilei tl in 
could hivo been expoclod f ora ob&eiviUona made with bis nsliui ent 

2 Ilenco Di BaADLry deduced tho folio ving conclusionB l II it the 
1 ght of ill tho fi\ed atais iiuvos ot the eulh widi equal veloc ti s f i tho mi 
JO i\i8 of tho ellipse b tho Buno n all the sta s that is 40 iccoi hng to hi 
1 St dctei m niiio i i Ih it unless thei d stances f om us i e all cqu il which i 
veiy imiiobablo Ihei Iijla uo pi pigated to dl dstincts fora 

them J That 1 ^bt moves I om tho sun to the eoitli m 8 7 md Us iclo 
city is to the volocity of tho ciith in its oibit as 10S14 i 4 11 it die tii lo 
dius detoi mined cm scoice on 1 om the tiutii by ibovo oi 10 at most wl ch 
18 auch i dogioo of ox ictncss as cm novo bo exj eotod ftoni tho eclipses of Ju 
ptict 8 sitolhlos Ihal la th s veloc ty of stn light coraes oi t about i mean 
of the sovoial veloat ea found fiom the eel paca of Tupilei s sitalhtea wc nny 
leiaonibly condudo that the velocities of thcao lefleclod hghts no equal to the 
vdouly of duoct light 6 And is t is hi hly probable diet the volocity of 
tho sun s omitted light la equal to tliat of sti hgl t it follows thit Us iclocil> 
18 not illeiod by leflect on nto die soi c ncdium 


On Otc AlenaUm J Jx httnOeVl u ots 

2r Let S bo die sun i die oailb 7 die coiieaponding place of die ] Janet 
and 1 t us suppose 7 ; to be die hi notion in which the earth is roov n paiallcl 
to which dl iw J Q and whilst li 1 1 moves lion P to 2 let PQ b equ d to tho 
space tluou^h which the eudi his moved and ( 04) Q is tho ippnent plieo 
d dio plAnet Now let 7p be tho mot on of the planet in the aime tii le then 
Q bei ^ the ippuonl andp ti e coiieaponding I uo place tl e nglo Qlp is the 
ibci at on a 1 tl g fion the piog^esa vo motion of 1 gl t and the motion of die 
plIAet As 7 Q 7^ lopt sent the mol ons of ti e euth md plaiet Qp cpie 
xonta their iditive notion hence the mot on of the pi met bout tho ciilh n 
the time m which light cbnioa fiom tho pla ot to die enti is tl o boii tion 
I et fiTss 1 PT^d wttitiife angle deaciibetl by ti e pi mot aboi t ll o c ud oi 
its gcocontiic motion e thfei m lahlu lo long tude i 4! t iscens on 01 decl ni 
Uon n24houiB Uien 1 8 7 8 7 d the ti mo light smovn 

fiom P to/ consequently at* 8 7 5d the abeuation = l-'^ 

244 



ov Tm: ABcnRATioy ov uanr 


$29 


0 00 6ii dm 1hu8 we flu I tl e "xbo laiion of a planet e thei in lat tud longi 

1 le ght 1 cci VO 1 01 dc I nat on TI e geoceniuc mot on may bo liken 
fiom tile Nouttcol AhnotuK and the bstai ce i od not bo calci litod to any vety 
gieit dcgieo of ICC 1 10 } Woniy la f U ci obse ve tbit when fn=0 or 
the pi mot 19 slitionaiy the ibci at ot bccomca equil to nothing 

Ex 1 On May 1 1791 it noon whit la tlie abciiat on m 1 nn tud of 

Hole SJ =1 2 7 the mem distiice the Loigtude of the snnii i ii 
nd Uic geoconb c loi tude of Mvs h 0 29 19 hence iiie inglo 2 /’S = 
11 11 aid conaeque tly 2 2 = 9 489=s</ ilw> ms44 0 = 2690 fiom the 
NmUical Abnanac lionco 0 oo 61 dm=87 j tlio iboiiation m longitude 

r Foi tho 2l/oo» d=0 002 3 the mew diatance ni=lS 10 S = 
1713 He mem luinal not on hcnco 0 00 04 dm^Q 67 ll o iboiiition 
which 9 60 small that tiniybeni lectod 

7 D Ma9Kci\m ob CM 09 U it since v pi mot is alf do I b^ ibona 
tion ippoiis m Uio place i h lo li should Invo ij pe ucd at tho instmt of the 
emission ol its light cxclu ivo of tl is use of ciroi it follow s that tl o most 
8 mplo as well is tlic m st clc int inctl od of computing tlio ippiicut gcocen 
tiio place of 1 plinot is to compulo its goocont c place by tlio common lulca 
f(i Uut instmt which ptcoolos the giicn Uino by tlio mtoival of time taken up 
by Ight to move fiom die pi net to tlio oiith Toi tins puiposo iho distance 
ot tlie pi met ncod not bo computed \ eiy icciuatoly an 1 d on Uio time may be 
liund I y J iblo Wit it tho ond of Vdun e II fhe sun a longitude must 

1 0 CO niulod w (1 Uio opocl of ils mom longitude idvwcod by 20 beoouse 

It ilwaj s ippoais so much too biekwiid m tho ocl ptic b> iboii ition ind the 
1 iblos luvo been const uclod without mil mg my collection on tins iccount 
md coDsoq lonlly Uiey show the epoch of tlio mean longitude 0 too httlo 
28 If wo suppose Uic planet aid emtb to dosciibe ciicles which n the 
simoplme whi hwlln ikono sousiblo lifibionce then it in It pioduced 
wo tike 2 2 = 2 Q ml haw Pa puillel to pi tie angle HlassplQ 
tho obeii it on d iw ilso Jw piiallcl to 2 p By Ait 06 the m gle TPL 

=9m 23x20 ilso 9in i sin Lil It IL Ta --fi/. x 

b D jL 

henoc FasIZ ITw consequently Th 

sm i, 1 -r 

Hy t I t l Uy p n U ? b t tr lly f U 

U j,I Tl} y m 11 

u n 


Jl i 
I I Ip I 

VOI. I 



JJO 


OV II L UIEOBATION 01 LIGHT 

iu 'uieie 11 JL ti lo i/7 a sin J x 0 nglc fi’arsain HxiO 

j — ^x20 biU IJ lu idocty ot Iho entli velocity of Ihc 

pLuiol v^iJ y^l ilosni/oijyj scofl 6TP 'Uids n Hr! oi HJ p 
=co hll 01 Si i hoiice by subbtituUon the i loi/Jnsco^ 6/17 x 

COS S 

0 T - >< the ibciiahon m lougitudo Ihe fust teinr coo Sli 

0 OL sin i. 0 IS ( Ob) the bo islion foi afixol slu hcnco tho othei 

tin Oi U ibeiiitioi i\1 icl i bc floi il o motion ol tho I o 1} w los 

1 til to nc of die t tile bo ly let cn tit sun i I ci th Incctlj in L 

til sqiu 1 10 t >f tl 1 tin t of thob ly fioii the sun mcisoly Hit 

f LpiL c<t 010 t Ul til t Inti (ho tlo it on be ^ ivoi IfwolUo 
tht su u of tlio ibciiations ^ 1 on dio pi net is i tofyunction in 1 oppositii ii 
tie list put mil 1 1 Itsliojcd by tlio Olios iKu f tss^iis it I is tlo cos 
Sll u 01 h ciso = l the sum of tl o t vo ib ilions s iln iys=40 

29 WhoQ ^ coiuc les ivilb Q o whon i hno joii in tho end and pi met 
CO itin les 1 oiillol to tself Uicio is no oboi rtion this thciefoi e happens whon 
the jluiot 18 sUl onaiy In this taso (puttm a=&P') cos 311 x 20 - 

fvifi 

— — x90=0 OP OX 008 S2P ^1 T oioxl-sin SIP i=s 

l~m SPl buto 1 U13 STP sn SPlsu^^^ wh cl substtulcl 

a 

foisn i in tlio last cqu It on ly c<1 notion givt sin S / / — * ~ 

0-1 

the anno oa u Ait 319 


II II IP 1 


It il 1 1 IP ii r V i 
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80 M de la Lakdc I *18 Q'dcul'vle I the following Table b 1 ow ng wl at we 
muBt api ly to th tiue j I'use f i planet in long tude to find the app ont j lace 
in wl h the q lont boa a e to bo ppliod acco dii g to thei signs All the oil its 
eic SI pp Bed to be ci culoi except tl at of Jl/iw cutu When tho boiialion w 
ne at^ tl e planet a mobonia Street whenposi# ve it u rati o^tade 
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ON Hm ABORDATION OF lIonT 


31 M de h Landf obseives tint m the pnajage of Met cut jf ovei the aiui 
in 1788 the abei lat on lotaide I the phases by co mputation 6 at as w 11 ap 
peai by augmenting la lo gitude by 18 8 the be I'ltion at th li t me ^ad Ij 
imniah^ Ih-it of tl e sun 20 wl ch s alwiys its abe nt on Compute tho 
pi aus by supposing each body lo be at its tiua place ind it its ai p-ucnt place 
at the B^e t ne md tho difleienco shows how much the ibeiiation -ifloctB Iho 
time Moicovei wlien we calculate tl e true geocenU c place of a planet wo 
must odd 20 to the place of the suu in the 1 ibles of ih motion the ploeo of 
the sun being put down is aifccted by ibeiiation 
382 By Aiticle 26 tl e abei ationsO 00304 d)n if the eaith a chbt mco fiom 

the abei ation 

“.1 1 j ftUowi i" Tvble was constiuctod to bo entoi cd 

mui the dista ico of the pi ict Horn tho ooilh an I tho ai lo desaibod by llio 

deSitlon eaithin94hous in latitude Ibng tude ii ht asconsion oi 


If the distance of the body fiom the euth be giooloi than lo is 37 foi in 
^ce hnd the value ftr lo on I then multiply it by 3 and to it odd tho value 
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A TABLE 


lo Jind tlie AbenaUon qf a Planet oi Cotnel vt faithtde Lm^\hide 
Bx ht Atcattsum oi De^taUon 


p" i 

Distance f om tl c Loith thitol the Sun be ng 10 

p ^ 

2 

8 

4 


6 

7 

B 

9 

10 

U 11 

See 

Sec 

See 

Sec 

Sec 

Sec 

Sec 

So 

Sec 

0 8 

0 

08 

1 1 

1 1 

1 6 

1 9 

2 2 

24 

2 71 

0 16 

1 1 

1 6 

22 

27 

8 

3 8 

1 8 

4 9 

41 

0 21 

1 6 

2 4 

8 8 

1 1 

4 9 

7 

6 

7 8 

8 12 

0 82 

2 2 

8 3 

4 8 

4 

6 

7 0 

8 7 

37 

10 88 

0 40 

27 

4 1 

4 

68 

8 1 

9 

10 B 

12 

18 8 

0 48 

8 8 

49 

6 

8 1 

98 

11 4 

13 0 

' 

14 3 

16 24 

0 6 

9 a 

7 

7f 

9 

11 4 

18 0 

1 3 

17 1 

18 J 

I 4 

4 8 

0 

87 

10 8 

ISO 

1 2 

17 8 

19 

21 re 

1 19 

4 ) 

7 8 

9 8 

132 

14 6 

17 1 

19 

21 9 

24 86 

1 20 

4 

8 1 

10 8 

IS 

10 2 

10 0 

21 7 

214 

27 07 

I 28 

00 

89 

11 9 

14 9 

17 9 

208 

23 8 

29 8 

29 78 

1 sr 

6 

98 

18 0 

16 3 

19 

22 7 

26 0 

29 2 

33 48 

1 44 

7 o' 

10 6 

11 1 

17 6 

21 1 

21 6 

28 2 

91 7 

8 19 

1 2 

76 

11 4 

1 3 

19 0 

22 7 

26 

so 8 

84 1 

37 )0 

2 0 

8 1 

12 3 

If 2 

20 i 

244 

28 4 

33 

86 0 

10 n 

2 8 

87 

18 0 

17 3 

31 7 

26 0 

80 8 

84 7 

89 0 

48 81 

2 If 

02 

18 S 

18 1 

23 0 

27 6 

82 

86 8 

41 4 

13 02 

2 24 

6 8 

14 6 

10 

24 1 

29 2 

81 1 

89 0 

43 9 

48 73 

2 82 

10 8 

1 4 

206 

2 7 

800 

sro 

41 3 

46 8 

81 48 

2 40 

10 8 

16 8 

21 7 

27 1 

82 

87 3 

48 a 

48 7 

4 14 

2 48 

11 4 

17 1 

2 8 

38 4 

84 1 

89 8 

43 

1 2 

6 8 

2 6 

11 9 

17 9 

28 8 

29 8 

8 7 

41 7 

17 6 

8 6 

0 

3 0 

12 2 

16 8 

24 1 

SO 

86 

42 6 

487 

48 

60 01 
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ON THE ABE B\ ION OP LIGHT 


Ex SnpposotJod Stale oficoietfo tlio eutl to be 49 and its appa 

lent mot on n 24 1 0 1 a to be a i m lo ifeiUi lo to find tlic oboiiation u 
loDgit de 


E to mtl liediat nceiomddilymolois i rnidwcLoU 88 wb cl 

mulbpl e 1 b7 4 •tolbyectohi Mtl (Jio duUnco 8 we ge 

13 7 I cnce the obeuation aa 196 l ® 

To educe the place of die body computed fion the lablos to the app uon 

‘gl't ixcoiwion 01 dLllto 

Uon of the body dmaua and tbo conUuy toio 

duce the appaient to the computed place ^ 


« 



CHAP XXIII 


ON TIDC PROJECTION TOR HIL CONSTRUCTION 01 SOLAR LCIIPSES 

A t 88 As tho cd pt c u ind ned to tl e eqiatoi and cuU it u two oppo 
sto points Uie bun 1 eepa co tmudly ppioid ig t onopoleml lecedi y 
f 01 U c olho by i ns iidthucfoiet aspectito 'll tho sun tho poles must 

u and libappe by tu nb When the sun is on the noith sde of the 
oqiutoi tho noith pole m sta^pcsi ‘ind when on tlio outi side tho Bouth 
pol When Uic sun a in tbo cq ^tOl tho pb ic of Hu i nition ib pc pondic i 
1 1 to tho equ ito in 1 co b quenUy the } oles will ho in tho i cu i feionce of 
thocideof Ilimimtoi whntlcsui bo nos to tl e tiopic tho pol will ap 
pon in tl 0 mt Idlo of ts pith ove tl o c d of lU in Uon m I wl en tl c 
8u 1 CO ncs t th next l i inox the i ol w 11 apj ca on the otliei side of tl o 
aido of Uii n tioi Whcntli siugols n tlio otliei side of tlie oquatoi 
th a polo will d s ppt i en I tin- oU c s lU apptn ui hi o nmno Ilence to 
i apcclnlo t the sun U qi i nt motion of tl o pole i stliesime *vb il the nc 

axis i p of tl 0 cud had u annu il con cal motiou Pi Qb pngm about an axu 116 

QOI pcipcn 1 cul u to Uio cclipUc TOC tho atq,lo J OG being equal to the 
g c itc t (led 1 lUoii of the sun As tlio e cudea 1 i*Qs pngm oie pai lUel to 
the cdqtic then pi uics will pass tliiou{,h tho sun and thcief le to a bpoctator 
at tho bun the appa cot mot on of tl o poles will be in tho sUai^ht hnoa IQ pg 
uid i J me ( 4 ) as f st in tl e lele J /Qi is th in d es n tl o eel ptio if P 
bo tl 0 pi ICO of tho p le at the cq ui o ind we t d e tho nc / n equal to tho 
sun a (hat in o ftom tl it equinox n 1 h iw x>o pci pen 1 culgi to i ^ will bt 
tho ip] u nt 1 1 0 ( f the polo at tli it timo It is m iiiifest th it / o nay bo sot 
ofl upon iny c ele dcsciibc \oi J Q Uonce ilso tho auglo which d c nx a 

0 a m U ea with tl o pi in of ilium nation i u st bo eqi il to tl e doehnniion of 
tl e sun A tins poi ni not oi of tho pole ovei tJ o onl 1 tenod h c of th 

e ulli lb e lused b} the mol on of the coilh u ita o bit tl o motion of tl o polo 
ove the 1 se \ ill bo in a diiochoi oonti ly to tl e d u nul motion of tl e dibc 
if tl e el 1 e y bo Uie ] ouUon of tho pole at the veun il equinox and P? Q be ts 

1 oti )i ic tl e h c of the caith to tl c next equ nox the diu ml notion of 
del c viil be mode n tho cout aiy diiect < n 

J1 When tho sun anlconaaqieiUly tl ospcclato who is auppobc 1 to be at the 
sun IB in tho equate tho speotitoi being m the plino of the equatoi an 1 oa 
to sense lu tho plane of all iho eudoa paialld to it they will all appea to be 

¥ 
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OM TIID FBOJCCTION POE TUT 


piojected upon the ci do f II un n I n il It lines p u-illcl to oul oU a 
ButTThen tl e b -u I conscqit tly tl o Bp ctito is out oi ti o equiloi Uk 
equat and ill U e c dos j i 11 1 t t bcii e i ei obi qudy w U ppcai l( 
lopojoctol itooU] up thojl ] ol 11m 1 t i, tbo oyo nny b( 
CO do 1 t on nfi t di tance an I as tlio oyo 1 s U o su o ichtv si 
tl lUon t U theso c idea the cllii c nu t be Ul b n In Wlicn tlio aun x 
on Uio noith b do d the cquatoi tint p it ol Uio olbpso wl id is Ui p ojcction 
of that poit ol tho uido which hes between the no th pole ai d oq nlo on Uk 
onl ghtened hcmisphcie will bo concas o to tho iwlo but when tho aun is on 
nr the othei aide of tl o equatoi that poit w U be convex 11 it is 1 t P bo Uk 
7 no til polo on the cnhgl lened homisphoi tho aun bein on Uio noith aide ol 
tl o equ It nd tn bn the ell \ aos i ito wh di the equatoi 'iijd ai y pn 
olid to t ue piqjccto I tlicn atiU is Uiat i oilol Ui elLpso whidi the place on 
tl apuallel de c lea in the day md tho othei put bna is thatwhieh is de 
Bcnbed in the m H uul the ploco is nt m at Ifl U noon and nt » at 12 nt 
nidnight In U is case He othei polo p lust bo conaidc c 1 is bcin on Uu 
oU er Ol da k Bide of tho eoith But if ] be Buppoaed ou il o laik aide an 1 
conaoquently p on the li ht aide oi if the aun be on the aoutli aide ol th 
no equatoi b w 11 be 13 at loon and m will bo is at n dn ght loi f i p be 

118 the aoia JAT the piano upon which the eiicle ai a to be piq)ectod J tho sun 

on u At side next to Uie noilh polo tlion diawiug Lam 2 til tlio point a 
anawo ng to noon tho aun I eii oi the n e d i is piqjoct d at id tho 
JO iti inawcintjio nidnitlit i j ojcctel itw butnlei the su a ii the 
otlic do da/ nsattf a s j lojocle I to n u I / to h Uic l>io n iciu souls 
no n 1 1 1 niduijjht On ccoiint ol tlic gieit dislinco of tho aun comp uc 1 
nitli u 1 li soltliecatUi Uio 1 nos I a l b and ea eb nay b cons leielaa 
pa oUel and thpioloio the c iclo ab is oi Uio aph enlly j ojcetod upon tho i lane 
LN into m ellipse whoso minoi axis is ww o u n 

35 Ino noxlrth ng to be done is to delo n mo Ube magn ti le ol the ollipso 
into wlueh the aide ab is projocte 1 and ita position upon tlie piano of ilium 
TO n lUoi Lot Pp op oaent Uio axi ol tho outh aibt a c ido of 1 it tu lo to iny 

place 7 Z 2^ tho neiidioj pussin thiou h tho snn and iOZ7 tho piano ui on 

whicl Uie piojo tioi s mde then ( 99) Uio a igle ZOi a cqi il to tl e sun s 
ded ntion 1 aw ow bn m papendicul lo 70 nd ( 31) itmi is tlio ni m i 
axis of U e oD pso let a ho tl at la 1 us of tho ciiclo oi wh ch is pai llel to tlio 
plane of piojectio i i d L will be p ojeclcd into a I no equal to itadf and con 
aequontly it w 11 be tho n-go ax a 1 ence 2cs oi Sw oi 3 coa lat is tho 
m joi a 18 of thd ^pae but nm (U e pi jection of al upon IN) ab si 
mat 01 POL the «w od is that a the axia mqio axis iruioi lod 
j 1 dechnation And to find tho dialonco Or f/bra Uie coni i of p o]ocl on to 
tho c nter of tlio dl pao we have xad = 1 cos oOi the dee tO Or 

4 
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=vOxco4 dec ssn Ut xcoa d c But ( 4l) Uc aims of the piqjectoii 
IS U hoi /ont I paisllix of Lhc noon limin slic I by tlie h ii70Ut 1 pii Uix of 
tl Bun the liufl U c olo 0 111 s c\i c so I be ig 11 iltij ho I by Uip qiin 1 1 
-vrl osevilies 1 expicssedwheni il uais jposcltobo in ty ^ y tl 0 aluein 
to ms ol Hut ulius hen e d hoi pv 4 —ho pn 0 =/^ tlien Ax 00 a Jots 
tho s 1 IMS mjoiofUoell^Bc I x coa 1 I it doe ^ tl 0 sot ix a n moi 
aiilO/^Axsin hi cos d XI s\ h \c gotten tl c di cnsonsidps 
t o 1 of the cllq sc terns of tio liaol] ojoct lion ewob v tie ill 
ing constiiicL on foi the ai patent dl 1 se dcac bo 1 1 y any ilice on Ui oa tl a 
bui I ICC to [ ocUtoi It the bi n 

30 I oL ecu 1 0 tl It 1 air of tho ea Ui wl h is Hum nated HC tl 0 plane 
ql U c ocUptic ( 01 . pcipeilcilu to t tal GQ^GrFeqiolto tlip auna 
gioit St dedmalion lo 1 an I n t do c be tl c ei ciicic FXQ andtolo 
Vh opul to llic unb dibliucc Aon Uie vQinal q nox coi capoi dii g to tho 
pole t V and d aw hi pupend ulu to T Q atll ( SS)ifltlepl ceofth 
pol ^hichno wiUbupiosoU leoitio cilglteiel d c of tlio 1 tb lul 
isco 1 / ftssin J (j »»:?its eobinc toialuaiiity Uien 

ic cl cl 
cV 0 ( t 1 

7 D(~=rji n T lonco Ic=/ c « 

Alo 1 xm — Ot hence / i» A cxn 1 id Mil PQca- ^ ”1=1 c x tan 

m 

8=0 4 11 08x0 D T J Op and upon OP tol 0 O sAxsin lat 
X 4 1( d \\\ i)f\i leuUeulu to Oi aud tU 0 A=A xcos 1 t and 
7)n=zin=rli ( s 1 I sn lei 1 I cl seiibo an olhpso oin/R and ( S ) it 
wjH iipu ntthe ippa nt diuinilptlh ot thepheoto spectitoi alUiesim 

I tic ven 1 iliiiilioi cl tho sun if t and bo the ])oiits 'nheio tho 
ell psi t null the i ucle Tf J 7 tlic ])ut anil a 11 ( SI) bo on tl 0 llumii ited 
pi 1)1 til cull ill 111 loi i ibli I ) siccliloi ttlosun u I tie pail 

n on Li dul ] i I 7 Ic n the n itlipdo indUe mi declii it nnoU 
hut il tiled liintniib illi ii mil b tie [ait n the ill nn natod loot 
llieeiitli nd /mot on tl lul put lot tho d linatio bo no tli ai 1 c Ibo 

w St 1 li >1 ill 1 tl c n I 0 1 n I iiheio tho g ve 1 1 li e on iho e uth s so fico 

II It iv> 111 c lie mi> Iscictlutl plicelocihu decacloil 1 ispo 

10 ted into tli ellq se amln mo\e iinifoimly in tl it e dc f o n tho no fo i 

motion of th utli aboi t its b\i let tlioicfo e atfl bo do llien if ovo y 

dm It be limiii si I in Hie lat 0 of 7/ rm ih cidca nic.p jeetod nto 
II10 llipse amb tin bemieuclo nnytl eiofoicieiiesuittho UUf of the dim nil 
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mol on of the given pi ce so fu as il ib neceas-uy to obtain the coiieapond ng 
poaUona of the place in tho cUii a 1 oi divi lo the ae n cucic aj/b nto 1 equ il 
pat fomff at? 8 9 10 11 12 1 2 3 1 6 icpescntn the poaUona of 

the vei pJa cfomaatsixo lo k ithonon i todat8\ nthoeveung and 
tl flofigji os 11 epicscittlepomtoflsof tliogivenphcealllo tspectivc bonis 
del ole I by tl e 11 uea an 1 1 tho dotted hnea bo diawn peii end uloi lo ab 
tl 0 c i 081 on I Dg po nts denote I by the aoino flgnioa w 11 opio&ent tl o pomtiona 
of thoihcom the ellipse Ihaolhpaomaybevoiy aeci alcly dosciibed by limi 
lushin oocl oidinatc of the ci depoipondiculai to tb mthe alio oi 1/7 to n? 
by tok 1 g a piopoi numboi of oidinot a and then dose ibm a cu se thiou li 
Jl tl 0 points ail f those Im s be cont iluod t tho othoi half of the ollipsc 
th 1 ufc wllicioin kcl wU cone pond to th pos tons of the ivenplice 
Cl li d V 01 of the emic clo bo d vi le I into 10 equal paita and oiduiatea 
DO diaw 1 to / tho ellipse will bo I v ded into eveiy a x m nutes ind if Uio 
scale bo la go uiou h «ui I these divisiona on tho ell pso be subdivided into six 
equal pails the ellipse will bo div ded nto minutes foi there will be no occa 
Sion U) use the c clo foi tl is lost subdivision Thus wo con always flid die 
ippa ont po&itioi of any ] 1 leo on tho eoith s BuiPico to spectatoi at the sun 
S? Diiw lltuonl lldpaipendiculai to ty then nws=iirfi the aino of 
1 tothoiad usf i andby the punaplea f piqjecdon yr mr jd mo 
the effai as jd is tho veiacd nne of I to the idius mw must b the veia 
ed mne 01 1 to II 0 i id is w 1 cnco if wo til e tho s ne and vtised ai e of 
1 to othusunty and molt ply tlio nto fo ail » eqectively tJ ey w H 
gnothevdues f nw indniw oil fm lomiiltpl edinloUie cosiie of 
t ivcs c Jlio Batne fo 'll 3 otho ingJe 

38 By Alt 3 0 } =hx n hi x cos doc and r <1=5: Ax cos lit 
hcice Ot ia am ht x cos doc cos kt conaoquontly Or afa ^ 
sin ht X cos lec . , . . 

» — ^Tit ”=taxtan ht xcoa doc theiofoie if r a and cos dec bo 

constant Oi vutos os tan ht Also ( 3 ) the ndius of piojcction must 
voiy nveiBcly os tho cosine of the hbtude 

89 Having loto nn 1 tho Mtuotion of tlie clhpao fti any one latitude in 
lespMt to tho cc itci of p q)cct on is the ellipses foi all latitudes aio simihi jf 
tho l^lioaUon bo sou vo m ly n oI e iso of th sa no elhpse foi oil hi tu Ic 
only by uie. iig O, n „pe uo fi. ( 98) f ,« md tho dodm-rtion le 
ma n constant rO vuies os the tangent of ht Li le Uenco take f 0 K> as 

‘l>oP><!I‘.cloaw,sm,To t«. onl of Jy 
ei lititude rad O wiU bo (ho cento of p qooUon whowiidiis is ( 88 ) 
olsoknovn and amWft tho cU pso fo U it ht tudo ^ 

i JO " then the onflle 

undeiwbn.hZ:Ospp««Batthosui.nthesuoBhoii»ntalp.uilIiu[ dso Uio 



coMBrnnoiioiir or soiar eclu&iu $89 

an Ic undei which eO appeals at the sun nust be the p u tUav n nltitud at lha 
p It e foi the Bun being ve U alto 0 U ooic coi espond ng to eO b the zemth 
diblaoco of the sun at the givoi place nd eO the une of th I ic f om tho 
u tuio of the piojecUon but (i 4) tl o 1 oi pa oUox pnioUaa; at any altitude 
ad sine of the zenith d St nco OJ^ Oe hence f OH lep esenl tie 
hoi ontd poidUax Oe w 11 icpicso t tl e pa allox in altitude at e Also as e 
cpicscnls the zonitli f the give plac eO ep oscnls the leitcd ci cle losa 
It g thiou h U e sun Tl c use of tl s p oject n s to cousliuct tl e phases and 
tiinofl of a sola e 1 [ se as wo bI dl n w pi coc 1 1o e\p] \ n 

11 T oL S bo tlio centei of the sun ate tl e enl ,,1 teiicd hem S] 1 ae of tlie rir 
ooitl witch wcnublcoi eve tobepe ^eidcLl 1 to^ d aw SD SFtan 
gents to two oppoB to po nts of tlio oi th and let an bn bo the appa ent ell pse 
( )6) desciibcd by uiy point «» o i the coith s Buifice lot OC be the d sta ico 
of the moon bom tlio ooith onded mbn be the p jection of VH amT7i upon 
a plane at the n oon pcipen hcili to iSO to an o}o itS ai d amb) w llbc the 
appuont motion of the ccnici oftlio su it S to tl e spectatoi deaciibing ambn 

II e cu VO ambn may bo consido 1 i n ellips foi the angle D&C being 
only S i)S CS tiay bo L 1 one I as p idlcl iid tbeiofoie the projection of 
DV upon a pi nc i ualld to t n\y be considoicd os an o thogiaphic piojoction 
and conscquoDtly the two hguics m y n 11 cspccla bo coiiBidaod \b sim lai 

I oL J AT b Uio oibit of the moon tl n f w 1 1 ow it any lime tl c pomt of 
the ellipse ambn wlioio the Bpoctitoi i wo know iho co icsponding \ oi it when, 
ilic ccntoi of die sin is m tl o elhpao amAn iXihoiofbie wo doieimine at 
the bomo tiino tlo poiilvbcii Uonoonu i its oliWt LM wc shAlI 1 now 
tlic iipa oni situation oi the moo n icspcctto tho sun Ilcnce f wo find 
two points one in die ellipse ami i whuo the ceiitoi of the sun is and ono 
tlici in J AI wheie die cento of the moo i is at d o s tme t me nd about theso 
coiite H widi lahi equil to dm appuci t somidnmct is of tl e buq uidmoon i c 
d scubo two cii clcs dioy will le] les iit tiio ppatonl s tu itionb of die in o discs 
If di It of die m( on fill upon die s in it show howi uch dio b in is edipscd 
at di Inislmt Now die angle 0Fi>=C0K—0 SI dial is thoiadius of pio 

j cUon IS cqu d to the difT loncc of tl o hoii/ont d pn ill i\c8 of tlic mooi mid 

I II Ihe p < ) ct on Oc o£Cei the p uollnz in altitude of tho moon f oi i the 
sun 811 ^ posi ig the moon to b at d o s ime olUlude u> dm sun foi tho lodius Ov 
lop csoDts the difTeionco of tl e I o izontd paiall \&i of die sun and moon oi dio 
hoii7 mtal poi ollox of the moon f om die sun and as tl e p u dlax of e ich v u es 
(1 1) Ob tho b ne of the appaic it /omdi d stance die Iiffei ence of the paiallaxes 

I I sf vaiy as the Bine of d e i common appoicnt zen di distance bonce Qv Oe 
dilleioiicc of the lioii/ontol puoUixcb d fleici co of tU6 pa aliaxos at thei 

common appaiont altitude dicicfoie f Ov icpioscnt the di id toim Oe will c 
piosontthorouitb InoiiechpBOoftheBunihciefbie thiswiUbencaily due but 
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not iccuiaiely so ovcept a 1 c i tl o un -ui 1 moon uo it the some iltitn le II o 
phee of the pole f the ei tli hci q [ osed t bt flxc I lu i the time of 
the eclipse -ml co seq itlytb eilb ippostd to bo n movoiUc fox tlica 
ti n th s n le ] it o ilso siipj mc 1 to be co I nt loi the e> time 
b it IS tJ Me icni isl me do m t lil c pi ic tlie j iqccto I j ith ol Uio spec 
t to will not bo icen it ly m elliisc M d h C\i ir ol e \cs tint u Urn 
piojccbon ill tl 0 eiioi uis n f om the hint listai cm 1 Uic im vn I moon 
Tie opposed to bo coi pens led by nil n tl c scmidiimotci ol iJi piojoction 
eq 111 to the diffe once ol Ucii boi /jutil jiullixes wheicis only i j ut 1 
tho lines d ouU bo li j ihcl n U it lUo Jlhc sun Iso not bciu it m 
nf rule I St ico tiio p ojoction will lotbe in iccmito dlqisc lli phoiouli 
cilf i le ol tlic oiitl il 0 ho e not c ns loied All tl osc cueumsluiees 
ton 1 to 0 lo tlie etl o 1 f lele m n^ tl ^ ph ses I m eclips by this cou 
Bti cti n 8 bjocL to 1 coili n dcgieo of ii icci xcy bi t il tlie eonsLiuct on 1 e 
mido ipon laigo scile it will b illlu ntly icem tt when Ave only w luL to 
pi dictmechpso If S b a fix I si u die sim eonstiucUon will giAe the 
bmo of ila occultatio i by tho flloon In tli s qaso s die fixed stw h is no p i 
itllix d 0 iidius of I iqecUon is qi il to die lldiizontil p uillix of dio moon 
This picgoction ms f ist gi en I y Mi 1 1 aaisilas 

12 If we no! c tb a piqecUon upo i a plnno it tho oibit of Vonus oi Met 
cutjf the iidnifl ofpiojccbou muetbetikon oquil to the d (leienco of tho hoii 
zonUdpn ill vxoB of Venus oi Meicmy md d e sun and by pioccodm is foi 
die m on wo my dctei nmo dio Ij nos of tho pi ascs of die I ms Lb of Venus 
md Moici ly ovo the sun s disc but diis is best done by c ilcul ilioi is Avill 
be iftoiwRidsoxpIainad 


i 
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OV 1 CIIPSl 3 01 Tnr sun VND moon VND OCCUl r VllONb Ol rjNXD SI \BS 

BY nil MOON 

A t 13 An cd p 0 of U 0 Moon is ciu o I by Is cute n nto tl o ca tl s 
sli dow 111 coi Bcqi ontly t i i I i[ pc vl e tl o ns pj t o to 
tho SI n t tlio iuU 1 oon A od^coltl S s c scl lytic to po 
sit on ol Uic nooi bctwcci Uo oitl il i id tl o ofo t i tl ipon 

wl tlio iioou n col j net on w lb the sun oi at iJio new i oon If tlio 

pi 1 C if Uic moons ibitco c IcdwiU tie pi oofdicedptc tlio e wonld 
bo in eclipse t eve y opji siU n mil co\)unct oi bi t lli pi ue of tli loo 
oibitliun indinoltothcochpLic Uoie c be lo c liise lopposto oi con 
Jill ct on ml s it Ui t tnno tl o mooi be it i c to tl i le 1 let no 

Mtml bo the oib t ot ill noon tl e jl ne ol the esitl oibit o dit I2fl 

pliiomwlil Uo ii S S ippti 1 h bontliecutl ond let th so two 
phnes be ncliicdtocid tit, soil Iwoi ly coiceno thcjiit Afow to 1 o 
ahffta Mem uulth I’ui ml M I ekw mdM md J/ m no the odes Noi f 
wl en ilie in on is it U t sin bo i c ij leton it S die U ec b 1 b i e 
thon n the sime pi me and Uiei loio lie looi must i ilci pose between the 
ev til iiid un and cinsi in eclipse of il o sun But if the moon bo at 1/ 
wbon U c sun comes into ton]Uiict on it S M is now dented above the 1 up 
join nt 7 md S ind the luiUici il/ ifl Aom M tlic no o devite I w 11 M ip 
peii above S fl) tint M raoy bo so fu f om JIT tl ot tl e niooi iti y not it all 
inteipose between I ind S lu wl idi cise tlicie will bo no od psc of tlio sun 
Whothei Uic oloio U ci will oi w 11 not be m eel pso of U e iin it U o con 
j inctioii dcpuids up m tl o distance of Uic moon 1 o i the node t tli t time 
If Uio moon be it m at the U no of oppoaition then U U ice bo bos b ng i 
llio s imc pi UK Uic sli idow /T of the eaiUi mu 1 1 ill □! oi th n oon ind the 
noon mist sulli i n odipac But if Uio moon b it m it the t mo of oppos t on 
m ni) I so fu bol w Ihe bI IowUb of Uie ei Ui thit the moo i m y lot] i a 
tl on^b it m which ciso tlcio wUbeno edise 'Wbethe Uieiefoie Uce 
w 11 be i IniKU odipHc it tho t rao of oppos t on doponda ipon the d tinco of 
tlio moon Aom Uio node it Unt lime II Uio two pi inoa co naded U e o \ uld 

ovidonUy be icontiolmtcipos lion eveiy conjunction lid oppo toi nlc ise 

quenUy n tot lodipso Mrroii vholiol iboit ISOjci abdo o Cnusi ob 
scivod that oAoi 19 yoais Uio new and fill moona letu nel i^i n on U e m 
liy of llio monUi TIio incicnt Aatioi omciB slao obac \ c 1 th it it the end of 
IB yooii 10 days i peijod of SSSlumUona them wis 1 1 etui n of tiie^ime 
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ccl J SOS in I Lonce they mo e ei oblod to fbiolel nhen they ^ould Lippon 

T I ^ ^ snlbylhoLEjn 

J t IV a a n s 109111 1 on ol ccliscsdopoi Is u]>on tlio icti i of the 
icll ui cl lonts to tic 91 c stile— 1 Ihe 9 1 jlico 3 Ho moons 
Jlico 3 IJio i)hcc of tho moon poet 4 Hi 1 1 1 e t f tie ncondinn 
lotle of tl o 1 0011 ihe o\ict csUtution of those cm iiosei til j 1 co but it 
so nen Ij hippons m tho iboie On is to pioduco oclii scs 0 n 1 ibly co es 
ponling In tl 19 mm ci Di nui y picdclcd md published 1 oUin of 
ccl pacs ftom 1700 to 1718 mw} ol thorn collected fo obsoival m lofic 
Uim wiUi tho following olomcnf s — i 1 1 e ij p i enl time of the m Idle 8 Hm 
sun 9 u o nl; s H o mnual i gumenl 4 Iho moo 1 9 1 it tu lo IIo as 9 
H It n th sje lolof 333 Jiniton tl lo no 18 jeiis 10 oi 11 d } ( cco I w 
ns Uiei o Q c / 1 e o foui lea] y ii ) 7// 43 tl it f no id 1 this time to the 
ni lllo of mj (Ipscolst vd wo si llhivolhc etuin of i co lospondmir 
ono coil unlj wiUim 1// 30 md Ui it by the 1 olp of i few equations wo miy 
ilJid tlio like 901109 of eolipses foi sovoi il pciiods 


To calculate an 3 cltpte ^ the Moon 

44 Tlio Hist thing to Ic dono is to find the time of Ui mean opposition 
To get nil eh f om the 1 iblos of 1 p els a n mgst the I iblcs of tlic noon 9 
mmioii t il e out tlio ep ict foi Uio J ii i I me nth iilsubtictll su i fiom 
13 A il 3 oiie9>no(Uc ei oliu on ( f Uio moon o tw f ncctssiiy 90 
tint tho 1 eni un It 1 m ly bo less limn 1 icvoluf ion ui I Ui it le u n Ici V09 the 
timo of the nio in coiqunetion Iftitliisw illH/18/ I 1 ihilfuoso 
liition It gives tlio tune of Uio next mean oppos lion 01 if wo subl icL it 
ii ts Uio Uino of tho piecothng me in opposiUon If it bo lo vp ye i 111 Jmui y 
andlobiuiiy snbtiiel i diy tiom tho sum of tho epicts bofoieyon nnl e the 

mbtii ti m When Uie d ly of tho mom conjiincUon is 0 it denotes tlio 1 ist 
hy of iho picc d ng month 
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ON AN ECLIPflB OF THC MOON 

£z To And Iho time of the VMm new 'md iiill moom in Pobruaiy 179 


rpact 179 

9 

11 

6 

17 

Pebiuny 

1 

11 

1 

7 


10 

23 

32 

14 


29 

IS 

44 

8 

Mem new moon 

18 

14 

31 

49 


14. 

18 

82 

1 4 

Mem fbll moon 

3 

19 

9 

47 9 


4 To detcimine wheliei in eclipse may h ippon it opposition find the 
me n longitu le ol the omth it tl o L me o£moan oppo t on and ilso iho longi 
"ti do of the mpon s nod then acco d ig t M C vaaiNi if Iho diflcici co be 
tween tlio mea t longitudes of the ci tl md the noon a nodi, be leaa th m 7 
SO thoie must ho vn oclipso fit be gioiioi thin 14» 80 thcio catmot bo in 
odipso but between 7 80 and 14 JO thoio nu^ oi miy not be an ecUpso 
M 1 LAunar mikes these limits 7 47 ind IS 9i 

Hx To find whetliei thue wdl bo on echpse at the fUH moon on Fbbtuoty 
s 179 


Sun 8 mom long it 3 10 59 47 6 (543) 

10 

18 

27 

20 8 

Moan long of the cirth 

4 

13 

27 

20 a 

liong of tho moons node 

4 

8 

1 

48 f 

Didbionco 

0 

5 

2 

32 3 


Hence thcie must be an odipse 


Eximlno thus all the new ind fhll moona fbi i month befbie ind i month of 
tei die t mo it wh eh tho sun comes to the pi ice of the nodes of the lunai oibit 
ai d you will bo suie not to miss my eclipses Oi hayini^ the edhpses foi the 
Inst 18 yc i s if you 1 1 1 to tho times of the middle of these eclipses lC|y lO^ 
o lid 7/i 43 It will give tho times when you may expect the eclipses wiU 
rotuiD 2 
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3i 1 

■It loUiot 0 ol opposit on co pile the tiuo Ion itu 1 t of t]i 
biu tnd 001 nl ll n cns i uc littul ud fi d fion tlio I Wm of 
tl c i u uoii tl 0 1 iij 1 ol 01 s of lliQ sun u I i o i lo ^ tn Ic niid ll 
Iff CO (<0 fJ cj ho 1 7 moti n is tin, clitivo h laiy motion I tlic 
n i 1 c p I to tl c s m oi tl c notion \iill wind tl e n oon ipi lo d cs to 

0 ct Ic i 0 1 tl c sun fii 1 also llio n oon s I oi \iy ii oUoi it 1 l tiult \n \ 

suiposcat dio tiiiQ (/) of mean oi posit o Uio nooi s ttht 1 l n (») 

lion oppositiou tlion d m 1 hou Uicui e (n) I otwctn / uil the op 

IXMit on wl idi id lul to o subl act d f om tho tine / i co d n is tl o moon 
IB nit jot ol ntoopposiUon oi is be 700 1 it vos Uio time ol tlio cdiptie 
opposit 01 

17 lo dn I Uio 1 hco of ll 0 moon 1 opposition let » bo die loon s 1 0 
iiij i ot on 111 1 it ulc then 1 lio t n the iiciei e oi the moon 

1 injjitu le n U o I u w mIiicI sppli d to tl t loou s Ion L idc it tlio t m of 

tho me in 01 pc siUon g ves tho tine longitu Ic of ll e noo 1 it tl 0 t no of Ui 

oclipL e opposition llio opiws te to tl at must be the tiue Ion Lude of the 

sun 1 ind slso tlio moon s liuo laUtudo at the t me of oppo t on 1 y 17 u 

1 houi 0 tlio hoi 1 7 motion in hiitude ll e moUoi i hiUtude u tl e 1 11 
a wl leh ipplic I to tl c moon htitude it the tuno of U e mosn^l 1 o'* t on 
gis es tho Uuo latitude at Uio limo of Uio tii 0 opposition ^ In 1 1 0 lannei ^ 1 1 
may computo Uio tipe time of the ccliptio conju ct on and the places ol llie 
snn vud noon foi U at In 10 nhen j ou c dculate 1 sola eel psc 

48 M til tl 0 sun s I 0 i > 1 oUon in loi tudo ai 1 tl e 1 001 s m Ion Liidt 
and 1 ilitude fn I tl e iclm ilion of tho » //wy 0 b t i 1 the h ) uy 1 1 1 on 
upoi t 1 1 do Uiis let 7Jl/bo Uieh ) 1 ot 01 of tl e no 1 11 1 in iti Ic 

1 j j SJI tl] It of U 0 sun ill in Ma pe ponihci h t 7 AT ind oqinl t tlio moon s 

hoioiy moUon m UUtnd tile ind puilldto 1 iiuljon/^ II 

then Jfl u Uie moon s true 01 bit ind J ^ its t olairoe 0 bit n ospoel to tlie sun 
Ilcneo (llie diff leiice of tlio hoioiy notioi s m lont,itudo) Si (the loon 
lioi uy mot on m 1 lUlu le) 1 ul us I u i/ S tlio inchnat on of tlio el lUi e 01 

bit iiid cos fIS luliii IS /i tho h)i uy motion m the lol line 01 bit 
Jly LOgaiiUims tho cdculit ons uo tiui 

tl iM f 1 III ll i ll 1 1 u X I d i i u X b ll ll l 


I r B t I ty j 1 I i ft f u 1 ll ll ll r u 

1 flUayb i Uy ji i 1 I 1 I 11> y ib U ll 

J t hf 1> I lU prt 11 yl Ip r 

y I u I n 1 11 tb 1 1 d d I I (, a 1 i i 
10 ll f u p 1 11 f u J u Uyg t ll ll I I I f 

' > gt 1 tl g f I 1 U f Jg I yl 1 d 0 

> 1 


1 

1 I 1 
lly 
ll 
U 

I I 
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Log S9+10 -log L^slog tan bL3 
Log Z£r+10 -log cofl hLS^lo^ Lb 

M de 1 b Lamdu obsorves that ifwe add 8 to the di^rence of the 1 omy mo 
tioDB m longitude it kiU give the horuy motioti in the relatpoe orbit for n. 
a ght angled tnan^e of which the base is tl e difEbrence of the hora j mo 
tions in longitude which is about half a degree and the angle at the base 
about } the difieionce between the base and 1 ypothenuse will always be 
<vboui 8 

49 At tl 0 time of opposition find flom the Tables il e moon a I onzontal 
pai'illax its senudiamelei and the semidiameter of the snn the hoiizontal pa 
roll'ix of w1 ich we may heie take =9 

0 To And the semidiamete of the eaith s shadow at the moon seen fiom 

the ooill Lei AB be the diameter of the sun TR the diamete of the e rlh no 
0 and 6 theu centeis diaw A1 BB to meet at I and join OCI let FQIX 134 
be the diametei of the earth s shadow at the distance of tho moon and join OT 
Cr Now tho •vagh rOQ=CrA^CIA but CIAsiOTA-^lOC Iheiefore 
jrCQ::iClA—0CA + 10C ihit w Ibo an Je under v^ucJi ^ semtdtameter qf 
dte eoftht sladaw at the moon appears is equal to die sum qf ihe hanuontal^ 
taBaeei qf the sun and moon ditwushed by die appaieni semidiameter qf the sun 
In eclipses of tlio moon tho oh idow is found to be a little (nealoi than this 
Rule gives it owing to the atmosphoie of the earth Thu augmentation of 
the seimdi meter is according to M Cassini SO according to M KoNKinn 
80 and iccoiding to M de la Hinn 60 Maydr thinks the oorreotion 

IS about ^ of the somidiameter of the shadow ot that you may add as many 

seconds os the somidumetei contains minutes Some Computers always add 
0 f but tins must bo sul\)Oct to some i nceitointy 

1 As the angle Clf (rsOCA'^ lOG) u known we have sin 7/C oos 
£IC IC 67 tho luigth of the oaith H shadow Ifwe toke the anglA'idliX) 

BslO 3 tlio mean semidiameter of the sun lOQ^ tlie hoiiaontol parallax 
of tho sun wohavoC// — 1 4) hence sin 15 4 oos l 54 oi 1 

il6 i iC C/bS 16 fl IC 

3 I et PQ represent tlie section of the earth a shadow at the moon CUT 
iiio oohplic NT tlie moons oibiLi diaw On perpeodiouhu io CN and dm 
poiptndiculai to NL and let the moon at m just touch the earth a shadow at t 
extol noUy so tliat On may be tho sum of ladu of the moon and earth a 
shadow ( then to deteimlne when this happens we may take the angle tANm 
11 whloli u very neaily its value in idl echpaos the Inohnotioii of the luno^ 
orbit being at that time always gieatest as wiU oltoiwoida bo shown i henoo 
voi i Ty 
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ne 5 17 lid n Cn m CN now tho g eatest vali of Cm i ibout 
1 s 80 leico Iho coi spoibng value of Cjy=ii 84 \ bon tie foio 

CJST 1 gic le III in tl t q a itity tl eao c n be no eel pae A co bng to M 
Qa in f tli 1 lUtii lo Cft ol iht moon at tl e tiin ot the ocbptic coiynnct 04 
exceed the sui i of the etmid imetoie of tl e eaith a shadow and inoo i bj 18 ^ 
thue will bo IK eobpap but if * lo not exceed that sum by 18 , theie wiU bo 
an eel psc If CmxCr oi Uie bmb touch inleinally tl e eel pb« will be 
juat totil henoo f tho di tinco of the moon s no le flom the jl ico ol the eaith 
be less th n tho conputodvUiool CJ^inthwciae tbcie uuatbc itoUl cclipaa 
of aomo diuabon If thoiefore it wia befoie loultliil and it now Dpi oo a tl it 
theio w 11 bo in eel pao p ococ I aa foUowa fo co n| uto it 

8 I oL bo thit hilf of tl 0 ei tj slnlo vhoia tl o moon paaBoa 
tliiou^b iV/ Uio 1 litivo 0 bit of the mr n one e ep esoitin^ i pub 1 
cclipie mdtiioothe ibtil ic ^ di iw Cw i po pcndioul to ^ iiUetabo 
tho ccntei of the mooi it tho bog nn ng of tl e cobp o m it tl c intt lie, a at 
the en I u at tlie bogii mug of tot il I nl ness st at tl o end ilao lot ^ be tlio 
eebpbe an I Ol pe pend culu to it Now in the tight Bn^led m rtH,k Ctm we 
know (n tho hhl ude (ftlic moon vttlie bmo ef the ecliptic cppjunabon md 
( 18) tho angle Cmn tlic complo n nt of the uiglo wh cb the lolabye o b t of 
the moon mihos Mith tl • ecliptic henoe ladms cos t«w niwi whreb 
we call the JZcduc/RW pnd r diua une C/»» Ci Cm- By Itcgaiithaifr the 
colculationa aie thua 


Log cos Cftm hlo 6n-10 zilog run 
Lo s Q/w+loj, Ci-iOslofc Cm 

1 

II 0 homy mot on (7 ) of tho noon ipon ita ehlivp o hit be n ] nown we 
kuDwtheUraoof doaciibiu mn by a lying A trtt i Aottf He time f de 
at/w^ mn the coinpulalon of this i nost leidily peihincl ly lo tic + 
I Oj,Q itli ns Ildnc 1 nowing tho trirto of the ccl ptxe co junoiion ii n wo 
kiio V the til 10 of tho mtd 11 of the ocl pSo it m Next ft die j^lit inj,! d 
hiingleCm WO know C ft and Cr Uio umoftheseT la ete s of tl p ci tli 8 
sh ulow a^d the n Knt td fln I wa which H I ne U us I v Ligii il m i t« — 

-Cn =^/{ \-Cm C Upfo oJm= ' i 6 IT -Cm 

Himee the ho uy m lion of tl o i ooi bo n 1 nown i e k ow tl o tine of le 
sCtibiflg m which subb acted Aom tho t e it wi gives the t u o of the I Cj,inn ii» 


ifO t«l rt 
gU II 1 t tl It r<7 

fB 8t MUM ad MOia* 


Illlld gllagic tb tfftlh 

dmi MfMaXUX uibaandarvitnall 
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an I added give^ (1 c lime of the end In dio unu. in'innei m tUo i%hl angle 1 
ti vn lo Cmx wo kiow Ont and Oo the diilueice of tl c soi li mote ol 

the tl la low \ id i oon henco I y Logaiitl s the fot, (J m jx 

xl C Kl.*?nto "c' f m whence ob bofb e we 1 now the time of 
de ib u mt 1 hi h suit acted f o the ti ne at n g ves the time of the b ^iii 
n 1 of tofc^l d'Uj uoMf givoa the tjtnn of tl e end ITic ^iBgmtu lo 

of li 0 eel pso It the n i Idlp w lepieaepfced by I which is die g e^teat iisl'inco 
ol tliv moon \ idun the opiUi e ?! vJow ^ d ihm w measy elm teinis of the b 
iniptci of tlj(^ fi)( on 001 p 4 ho dt\ilod into l cqu 1 pv tb ciilc I 
0 la U I Jci It to f I whi h \ie l(p.ow Ci» tlie difl icnce bet icen wh qh 
iilfi ivoeii \ hicb vddedtom/ thnehidow^ cthp 1001 

once bol^cni ^ ind Ht aq 1 wo got U f li noe to fvd fho i n nbet of digits 

cchjvicd 9 iy n f // p oj p6Q ( t ho»Pff t» <hvi(Jo u digit mto ( Q 

cqu'U 1 ul lid c ill tliein muintoa ) tie di it eclipsed If tho lit lyde of tho 
tp on U(. noilb; wo tho upper seiyic jqlo rf south w? til o tli I a-ei 

/ If tho ? ith hgdno alflioaiJwie wbontlicnooi vos totifly ccbpacdit 
Movild 1 nvi iblo but wo ’hown (iWi) di'it hy tl ith wtioi of the at 
moiphoii "ioinjo ^*>ya wih be blQUgbt to f U ph tbo moon a auilicc upon whiph 
acoount tho moon ^ifl bo Ms^hfo *4 that hmo and appeal of \ dud y led cofoiu 
Jel lead W) hvapbsoived thil it gtnciil tboeaitlii 
unib a at a cc ta n bstance i d v Ic I by i k nd of puiui bi liom Uip iLfiac, 
tion of Its ilmo phoi ihia w 11 nccouiLl) the ticumatanco of the moon 
bung moic viaiblo m opmp total echp^ tlim m othgia It is aud thiL the 
moon mill total ocliwiasip 160] 16 Oiod 161^ enlwqlydiBippe xed 

An cchp 0 01 tliO moon u un f om its lool dopiiyation of li»l t it 
must ippc u to bi in *t Jfjic aa no mot w|. pf tunp jq ovety place on that hemi 
aphcie of tlu coill wlucUto iL\ttho moon Henco it oflbido a veiy eicly 
mctlixlof fndin the. bfhuonce of longiLudos of plicea upon the eoitb aa 
will bo aflci w irds oxpjogiod Ao mpon wtfto tho pejjntpl»% <?f the eaith be 
fo 0 t cornea to tlio u nbi i and thoiofbio it gtoduolly losca ts light and tlie 
poiminhA \ n «j jiwt at tho umhifti 0 ? 't it is difllwit to a«^^am thp e^#ct 
time when tho moon a hmb touches the umh a oi when tlic eebpsp hogma 
tlie inoqp hii cmtoiod mto th® p tho iih tdow npp i itp difsp is t 4 wft 
hjy wpll downed ofld yftu Pl'iy dptwiwno to a oon^eiaf^p dOgjiee ef aoqiifno} 
tho timg "wUpn spot ei^ei^ Oitp l|hpiunrt»m IhVMCh fho hag njung OWd ew 4 
of 0 Iqn^i. OOt V DTOP^ tp lJptf»Wi|* th# h?WtUd<l horn a the 

t DOS at which the umbra touches any of tliQ 
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I 

/ ( mjwfifum / / / ntnl Itij / tfe \[ t n n f In i / i ] i / , 
Iht Mtnth I / l/if I / / Oh it it / it t r i h 

llu lull o( til int mt lull in inism 1/ l A I 41 1 h \ri (4 

Hy Art ( n npj i ir (lint (fi ^ \ ||J m ^ ( ||j) 

lly inmpiilnltun ( M ) Uit in iii limr »l tiu < lipiu 11 1 1 1 nt ) / 

W Ifl Irom wliidi Ruliinu t tin iqiiiiun ,1 tiin u (i mul i Uv I ; 
M B (III nppnnnt (urn m C ruiui h 
l< (III linw » mpiih ( (Dill mHn plan mill tlipiu an) n^iin 

Y"“ ‘ ^ ^ * 1 “ l‘l •* I »H f Mill It I III I 1 I), , 1 , 

f I (In lui ( iiipnii nl tin 11 m |uinl t m I ,t Hi It full i n 
N niiiiiliii|^ 

(In. Inltl ih lim ni (1 in t \ llu m 11 in I 1 1 1 1 1 ,1 

honry molicni of tin aim m 1 and 1 1 iln in k n 1 1 m Jdnjniu I h 1 

the li irao mndon of Uu niHii Ir m (It n,n m InnKiiud# h £1 1 „ 

?"Vn ^ ^ '* *«»"• «« *»» ^ «U(i\ rl II 

Ji id ki alfto ihi imlinaiiQn at llu libtiivt ciiini 41 a flu ► In 

«• ‘ 


I " I n I 

<» 1(14 

/ I iinwitl l< Kill mg rn o Hi| 4 


llu luarcBt ttppr mcli ( w t f Umt nlir 1 1 h 


Irom lifA H H Mubliad f 11 niitl ii U vio ijfi jii lu i| 
of tin tdip«t 

By (he IttliUi til inri/Mital p rillix (ilumiiinn 1 nl f ih 

(178)50 90 aim iln nj parnil ^ innii itni irr f ( tin ann 1 ir 11 

the moon 19 4 H iin ti 1 par i^lior par milia i 

tsi 41 18 tho Kmidianittcr(5<i) f Uiu earth a kIiwIoi mi ftaard I v 

rcihcUoti Ilonco by Article 55 ( 


If lilr 
« II 

md I 
I o 
<1 f r 



on AK ncuPSE of thc hoov 


349 


Semid < + BOtnid @ s sh<\d 6 87 = 8S97 
Neuestapp ofcenleia 87 28 s 9848 

Sum 804 —log 8 7 1604 

Difibience 1 140— log s 000890 


2)6 811984 


liO of 2 46 8 s 42 26 8 mot of half diuation 8 408963 


Koduce thu into time by the log she LogarithmB 

29 4 0 8047 

42 97 0 1 08 

lA 2 87 1 alf 1 U'ition 0 84 6 


SibUicl thifl fiom and oddit to 12A 24 26 anlvegctlOA 8 49 for the 
Se uttwi and ISh 0 8 foi Uie Lnd 
rLomOs4] 18 ‘lubUact Cb=:87 28 and we got mtsiS 4 hence 
( 8) fw +fn/sr/=l9 9 the ports dehcient oonsequenUy 1 24 19 6 

6d ox 860 7d 97 86 the digits oohpsod 

By logistio Logaiithms the computation is thus 

19 9 log h 1 i 4960 

1 24 0 600 


7 27 86 0 9084 


Hence the times of this edhpse are rebiuaiy 8 179 the 


Boginmng at lO 6 

Middle 19 94 

Bnd 18 0 

Dmation 9 l 

Digits ochpsod 7 37 


49 

26 

9 

12 


} 


iqiparent tune at Gieenwich 


sentod m Iig 126 which was conitiuotedfbi this ochpso 

6 


86 on the moon s south hmb as repre 


I 



Wi BCfJW rw JlfO<w 


EXAMPLE II 

Jot Uc Mcndum <J Hut Rty I Obse t> iiotj atOtami ch ^ 

Alt 4 it 'ippenia tJ at tho o \ lU ba an ecliDso 'it Lh s full mnnn 

fo. the eadyougetsrf W, ,6 e 

^puto u.„ “ ‘ s l:« 

By the 1 ibics tho hoiny mot on of the moon m hutudt. « <i i n,. n 


3 0 

( iO 

O wf J timo of dosciibin mn 


oaqis 

i OdiJ 

f— T 1-1 

1 8 a^i 


Elio PQucjt appioacli Cm of U o oontois is 4 4 

tclipw'*'^ *« d Jda _8 anUilgivu lej ie 7 rer the Jfeiffe of the 

f 17/1 P«i*%S <!f Hf W » t> » Did of (ho moon 

-onto a 

&T?*S '’**'“*'*' “d Iv^o fti^vhjon 

And mi C, (=M ,1 ) „ l*u. Qn+m, t=a, ) ^chpio must ho 


H«Ace by AMiele S89 



tnt ktt leuMa or mn now 


S mid < 4'MAid @ ^alad 9 7 kS 97 

Ncuesl df the centeiB 4 4f be s94 

Sun Sddl-I6A' 8 ^00619 

’Difloience SdOfl’^log 3 1890S6 

. r 

Log ol*S h =irg 4 Aot 6F^1f'darait6ft & 4184Sf 


Reduce U s nto tine by ihelogstclo uithms bi t bocattM thtf 
te n m th 9 Cl e would cone out a t e^t qu ntity tl n tl at to wli ch the 
T ble e\tondb we MriU tike the hdf or50 4 Bi!id tllhfl I iblo tho con 
clu ion 

89 M 93B1B 

99 9 ^ 0 3098£ 

4 85 t> (MlO^ 


Hence lA 49 11 is Ihe hill dmtion which ^tibt^adtdd fUkl added 

to 16/ 3b 7 gves 14A 97 A6 {o the Jie tninn^ and 18A ^ lo tho 

Lfid 

By die sn lo Article wo And tho Umo of h'df the dut'ibioiref tot'd darknoeB 
thua 

Sem I e id nd -icmid a 47 4 =100 
Hoiicat ipp oi tho ccuteiB 4 4 bb ^04 


Sum 

Bidoicnco 


19 9-log 8 39908it4 
1371 -log 3 137097 


S)0j4J9O7l9 


J«g of lastf 3:517 19 mot of j dur of tot diilt 3^1458 9 



Reduce this mto tuae by tho logistic Loga ^thma 





OM AIT OOUFgU OF Tin; HOOK 


5 S SO 
87 19 


0 8618 
0 417 


^ S Ailfdmationof totHldi] nes 00799 


Subtract Uuiflom end add It to 16 A 36 7 anditmvcsi h 97 « Pn, *1 
bs^rngoftotol d'uknM, ,nd 17A 18 8 f i Uioend ’ * 

nom a _48 1 Bubtiact Cb =:4 4 ind we flot#w— sa 7 u i 

8 tiBpuUleaLl hono. 16 e 

nthma u thus opoietion by logistic Loga 


s log +I 
16 6 


1 0 74 
0 713 


80 81 0 


0 4661 


Hence tho lunea of thu ecbpao aio Deoomboi 8 1797 the 


Beginmtiff at 
Total doiKneas beinns 
Middle ^ 
rolal duknoss ends 
Tnd oi the eel pso 
Hui *111011 of told d'u^D0S8 
Diuation of tlio wbolo col pse 
Digits ecLpsed 


14 87 46 
1 87 8 

16 S6 7 

17 16 8 

18 16 8 
1 89 $0 
9 88 S 3 


^appa/ent time 
at Qieei wich 


SO 91 0 


Fie 

196 


«mdi.mrteroftheah«dowde8c.ibo»cucle diaw a papoSl J 

^rfthe«mdttm<de„ioftt,c«fl,,*,d«wa6dmo«n wtoffa a 1.! 

m the p«i,en<heuk, O. „poo M „d »th the conte.. e „ , 



OH AN ECUFflU OF TUB AUN 


859 


=1 21 the beimd imotoi of the moon describe lihe cudes repieflenbng fbe 

moon To fnd ihebeg muig midllemdenl moi^c the point n 12A 82 the 
bmo ol 11 0 td pt c c lyur dao i Tud w th *i lod us equal to the lelabve hoiaiy 
motion of the moon uj on NL «t off that extent Horn « both ways and dmde 
each into val into as na y oq al pa ts as you coi Teniently con and contume 
the e divisions to z and an 1 the lii es coiioapond ng to tho points m ic 
show ll e be innm middle and end of tho ed pee And if tr be meas^d upon 
U e scale I will ebow ll e di its eel i sed The metl od w 11 give the tune snffi 
c ently noai wben you only want to pied ct Ll e echpse os you may depend 
upon the timo to a minute 1 U o ladius CB be ix oi seven inches Yon may 
proceed in the same mannei if the ed pse be total 

On an JOckpse <if^e Sun 

7 An eclipse of the sun s caused by the intoipoaition of the moon be 
tween the sun an I spectatoi oi by the shadow of the moon thllmg on the earth 
at the 1 lico of the obscive 11 e I fihrent kinds of ed psea will be best ex 
plunod by ar%u 0 Let 6 be. the sun Af the moon ^ or ^ JB the sur&ce no 
of tlie eaitli di iw tangents pans g vr Horn the sun to the same side pf the 
moon and wx will bo tlio moon s umbra in which no poFt of the sun can be 
seen if tangents ptbd gwac be diawn horn tho sun to the opponle sides of the 
moon tho space compiehended bjijnreen the umbra and mre thd is called the 
penumbra in whidi pait of tho sun on^y » seen Now it is mamfeat that if 
AB bo the surf ice ol the eaith the space mn wheie the nmbia fdla will sufihi 
a total odipso the pail iff between the boundoiies of the umbra and pen 
umbia will suflli a parUal edipso but to all tho oiSei poits of the eaith there 
will be no od pse Now lot J £ be the si^fiice of tho oaiU the eaith bemg 
at difieiont t mes at d fiUont listances il om iiho moon tlion tho space withm 

will Bullbi on mtnuloi odipse fo if tangents be drawn, flom any point o 
within fs to tho moon they must evidently fill witlun the sun theiefoie the 
sun would appea oil lound about the moon in the fbim of a iing dio parts 
C7 td will safibr "xpmUal ed pse and the othei paits of the eaith will snffhr 
no edipso In this case thcio can be no total eclipse any whore as the a 
nmbia does not leacb the ooith Accoiding to M du Snroua an edipBe can 
novel bo annulai Ion oi than 12 24 noi total longm than ? 8 

6 rho umbraa^'SiB a cone and Ihepenumb a wed/ the ffustium of a 
cone whoso vei texts T flence if these be both cut thiougl tbeu common 
axis poipendiculai to It the soction of each will bo a cucle h iv ng a commtpi 
cente n tho line joimng the centeiB of the sun and moon and the penmsbyra 
mdudes tho umbra 

VOL I 


zr 



J 1 Ik in )oii « mt m 1 1 111 111 al itl lli i ii nhr ariU i it il 
alu il Dm ill limit hui ii i lili m i ii ibi ili 1 1 wi t ilib 

lluid II w nmi tun Ui i tlit \ I ti(> i ili \ li I il t II ^ ^ 

r> tiu ( mil 111 l (liH I ill \ I 1 ly up I (I 1 1 Ml I fit N 1 III 
•Imliihll |ir| iiliiilirly ip n i ii h t} llii \ I i\ p | I I i 1 / 

in IV IV ulit I it i tilt V II ilir ( vir till mil ill n I 1 1< I 
|Miiitu^llK aim ot thcAiiKl wliiliiUvmak \ ill tin irit il 
liou ol ih tn tiou to nuitui Hut ilii tiRiih liivnij; n r i u t I i 
till rdnlivc Mlmity (1 Hit DiocQAilml w cur Ally n |(Mit til i 
V lU bi did lenlimm Uii^ H iliipniilb iiwyiiu in iN tl im i it ii 
i\n till 1 I ii> 1 (It Imlowm i |it<i ti Uu p mi II l 1 mi 

iiiiil ( II I |Utnil\ ill III I III Im I vv I I III \ I I Kill I II I lit 

il Mil ) nil u II \ni) III 1 III I II Mini I il I t II I i| 

M vih II llu I il 1 lilN II III ilur 1 1 I ill ] il 1 III 

mint III d llu I i| lb til ( In il p I II | ji i ] | I , 

taliQU nbnul il« ntil 

It AdO lit A bo dbeccutliaiK the oirtb /r ^ Itu mt / il 1 1 il 

I I MlmhiliMV / / |Ki|uii liriiliifi (rtiii ?¥ hiiiI Uraiv Ai [Mnlltl l / I i 

Ik (III di hill ( Uii> mirrmillb im tii/yin ngui lltmfihnil l|i 
Al ilio ume 11 loucliffi Ui« c rrcic r 9 rqin ton|jfi|r thr ippnn ni n «| niind i ib 
Mil «hoH odiittt # U In fb itillot /m muriifit /f in / Ihin /ri ft 
m i( ni l ikr rit niif U i imd r n|}i< li ili i Im a| |h ir o 4 ( t fi n 

(lit f mill //H nil i null \ (111 imf^l / A t»r (It I r ] r Ml n ii 

/ H I i(a III I I W/ fSI ilio Ji r p I I II I I II I 

tin ii|] Ilf iiitiirl Aiii I I r/tl ii m 1 1 m It t || i>, tl r li i 1 1 

imi \ f I' ' 1^ > lif'l I (lltil V (III t M i I 

I'tr illlulUitil (HUu Mkfi At llu iim rftl r hpii 1 1 n i n t n I 

lliiM quAiiltf) li> JB dun trii b^ m (ili| but ilit I » n i y 1 i ly 
IKK iliHii rr 111 It mil t bo Aft ((I pH Or il ttltpitrlni imv I | i| 
iliua I m Uf M) ihn turn I rlu im m < my u ti n aii I at ili it dr m flu I il 
111 111 nil I 11 ^ lutU Ml I Al«i Hu Uu llu lo Ml Hu m Kn a ihhI ml if ih 
difl lint al lb It It Ir tl m ) hit |,r it r thnn 1 flirt t y b mi 

liiMIlIu bn I II It I Hah I ibtn* n fht nttl| rt rl 

II fcigWM (a I f 111 tiliplitliml IMV il I Ih I t n i III tl i ii n r f i 

I o All L il l|i \ tl/ Ih I II rill / r Hu r bn tUii i irib Aiitlt 

llu mdiu (1 ill II III a p iiimf itt lulpi hi|, bv Uit t rtb aiuI ii m hin$^ It 
ani diAW /t piper litulir tl / A Htn / rivkli ii ^ lAttN (« I 14 4 am I 

taking diaiti^o 17 ^ 7 , if nin | 47 

A 7^ - 17 *l 17 and M Uu 1 iltu 1 1 11 mb •T m y l ihc Hut v«lnc ol 

JW 10 111 ilia (utrUt A ibiuuico fit m Hit niuk at tno (mu of Uu rt hiiii i twitune 
Utiii li tliiiil rt that duitnor In I n than I Ji 7 « (fta luoo of thr 
(tlijilu in|uiiu II Hurtr may be ail tilij i 



nv AM tCLipar or iul sm. 


af 


61 An QclipBe of tho nin oi jatboi of tha o'lrlb withoi^l lespecbto my 
poll cu] u plvs miy be cilcu]at;c4 ox ct}y in the ainlc monnvi as on cRd i te of 
iho moon tl al ib th liiqob ^ben tlie t oon 9 iimbi'i qi i^onunibi- 1 flist louclics 
and Ic ivca the eaiU b it to find the ti nes of the bcgii^ip ig md lie i id ciid 
il any 101100)11 jlicc the apioicnt cq of tljo loon vs t>cei <ioii tli nee 
1 wt be letci nine \ on I con equontly Is p illox in lat tiidq on I Iqni, t de 
must be coniutcd ^hich eidt s tl e c Iculaiton qf a aoloi eclipoo mely 
loi end tedious 0 shall cn Ic voui to lendci the irliolc. oj 01 , Uion as dcai 
as posbiblo by picco^ t n 1 o\a nple 


io calculate an Tchpse qf Oieh n fot anj/p ticular PTitce 


6a Hav ng dote mined ( 60) tli U theio will bo an 0 lipac somcwfio c ij^ in 
tlio oiilh CO ipulo by th() A bono 1 cil 1 vbl Die t u 1 ng tudut of tl e 
Bun and moon and tlemonstucltt lo vt tho t no of me m corgu ictio 1 
(54 Ji) h id \1 ) tl h a y IK ben ol tl e aim n 1 1 icon u long twdo and the 
moon B I 01 iiy moc ot 1 1 titi dc ^ ind c )i i ute tl t me of iho oclipt c con 
junci on of tho son i d moon n U c a nc n in (If) b tho bi c ol the 
ecUpbo opposiU 111 \ s coi iputo I At tl limt 1 Uie 1 pti e ij 1 loUon 
ton putt (517) tlio sun s a hi moon s Ic^itndo in I tl t moon I itilu I fln 1 
dw tho tqn ton il h )i zontal pu illox qiUuioon Aom tho I ibloa of the mogu a 
mobon an I 10 luce it (175^ to tlio RMBpOi tal pi ollox io iho gnen liUtide 
f om whi h hubtiact ill sun i lioti2enta] p alU andypu gel iho boiizontnl 
pu illax of tho me on lio n thd sun loduco al o(l75) Ao ap^ent lat tudo of 
tlio plate on thi b] 1 e 01 1 lo die liUln lo >11 i BphfTc 

(8 io tl s 1 C luce I lit lude of the place and d 0 co ospon I n ho on 
tol p 11 ill vx of the nooi f om the sun ( whieh we h 0 11 e n tc v I ol tl o ho 1 
zonld piiillix )1 tho moon as we \ int to find wl at cfl ci die pa llix has n 
iltoiin I lien i] paioLit cliUvo liiolions ) it tl c Umc ol the eel ptie coq] me 
bou compute ( 161 ) d e mo n b j u illaxlhi 1 vl ludo in I lon^ tudo fi 0 n the sun 
th p 11 illax in libl i lo apphe I to il 0 I ue latiludo give U e appa ent ktiiyfl 
(I ) of til moon liom die si n an I d 0 piiollax in loUf^itudo abowa the appib- 
rent difieionco (D ) ol the lon^^ lu Ics qf Uio sun and moon 

64 T ot S be tl 0 sill TL the eel pue tike oil/sl) diaiv poipcii 
hruloi to Mt and toko t»7 tlien "N is tho ppaient | (aeo of tlio loon 
on I SN=y/J) +/ IS tho apj uent distance of the noon f om (1 e sun 
C If die mo n bo to die east of die non igo 1 u il do'riCQ tho ^ifjlax, 
croafes t&o longitude f lo tho west t litm u lies it hence I tlia / mi longi 
bides of die sun and moon bo oqu 1 la the foimoi, cas the appMont place s lU 


no 

191 


H 







OK AK 13CLIPSE OP THT flUW 

^ the true eoiytmct on if tho apj nont place'lie townids C oi f fte moon 
be to tile of the nonages m-U leg eo oi the t ue co ijiinc^i f the 

•ippaient phwbetowii bi. o f ll»e n oi bo to tl e .«/of iho nonigo^m-a 
d^ee flidthesunsenlnooastuolongihide ^Itho loo i , t ue iTli, io 
flom tl ffl hoiaijr moUons uid to tii same time compute tl e moon 9 i aiill i 
bue longitude fiom ihe sm apply tho poiolUv n Jit tu le to tho 

take the di£k euco of tho sun a md moon s Uuo Ion iti de md apply the oa il 

^PP'^O"*' CdJ of the moon fiom the 

^ in 1 off SJ in I to LC oiect tl 0 peipondiculu 

PQ eq 111 to / and Q 18 Uie a ppment pheo of tho moon at one hou flom tlie 

Uue conjunction an UQsy/JTT isthcippi ntd sluice of the moon fom 

tlie sun di w Ihe at ught lino NQ in I it wiU noaily lep csont Iho itlaUvo 
ipp uent pith of die moon conaidoiod is 1 Btiii In J nc m nenei il it beinir 
veiy neaily so He vilue also lapiosents tie lelaUve hoi wy motion of tho moon 
“ iiS lelativo hoiwy moUon fttlongiludc bemg MP 

M6 The diference between the moon s ippaient distance m longitude fom 
the Bun It the time of the tiue ecliptic conjunction and it the mUjiiil of in 
horn gives the appuenl homy moUon CrJ in long tudo of the moon flom tlio 
Bun tto diflerence f PJ between the tiue longitude at the qchptic conjunct on 
and the moon b appArtnt Ion itude ib Iho appaiont d stin 0 of the moon flom 
the lun in longitude at (ho ti uo time of tl e eel pt c coi juncUo i hence » D 
1 houi the tune fom the Uuo ia tho ippucnt coiyumt on ooibcquoiUs 
wo know the time of ihc ippaiont coryurtchon lo f nd nl ctli tb s t mo is 
‘iccu ate we may compute (f om tho bou y mot ons of the wn ai d moon) the 1 

tiue longitudes and tho mqon s paiallix in longitude fom tho sun ml ipnlv 

It to the Uue longitude and it gives the appaiont longitude ind if tins be the 
wmo 15 the sun b longiflido tho timo of the appaiont coiyunctdi a tiuly 
found 11 they bo not tlio same find flom tbonco th tiue t mo is bef p Jfo 
the Uue fame of the ippaiont coiyuncUon find the mooi b I ug Iitid lo i om 
Its homy noUon md oniputo tho fftiaUix m hUtudo md you get the ippi 
rent Uutude it Iho time of Uio ippucnt coiyunct on D iw U poipend cuHn 
^ CJ and equal to this oppaie it huti dt Uion the point J will p ob ibly not 
fall in NQ fl St lot it f 0 m to which diaw &B poipondicular md NR 
miallel to PAI mceling PQ ui R Then knowing NR (=5/ JJ) and QR 
wo have ' 

ZWl JJQ nd tan QNR or 
^ Sin ftyp rod QP ON 


bma of deamblng m in ihe 'g.puent othl heleg equal to tho t me Hon, 
M U)J^ IP lon^ifude, hTQ » the horarjr motion m the appuent oibit 



OK AK BCLIFAE OF THE SUK 


Ml 


Rad Bin ASB AS AB 
Rid COB ASB AS SB 

67 At the appiienl co junction tho moon *ippeaiB it A wl ich time ( 06) 

18 kno^vn when the moon ippeaiB it B it is at its nearest d Bt nee ilo u tl o 
bun and consequently the tuuo m that of the g eatest obscuiation ( isually 
calle I the tune of the. ni Idle ) piovi led tli e ^ an oclipse nhicli wiU always 
be tho case when SB 8 leas thai U o tus of the m a ent sonudi inotcis of tho 
sun and moon If tl oiefoio it ipea tl at theio will be an echpso wopiocccl 

thus to f n I ts qua itity nd tl e be in ng and ond As we may c naidei 
the motion to b un fo i QN AB the i i ie f leaciibing NO, U o 1 1 e of 
desaibing AB wl i h I Ie I to oi subtiacLod fiom tl e ti ne at ^ (accoiding 
as the appa ent latitudo is decreasin oi incieaaii ) gives the time of tho 
gieatest obacuiation Oi instead of tak ng uid the t mo of deser bn g it 
wo may lako An ( 69) and the coiiesponding tino which w 11 be tnoie ac 
cu ate 

68 Horn tl 0 sum of tl o appaiont eemi I amclcis of tho sun and moon etib 
tiocl BS id tho lonando Bhows 1 owmuch of tho sun ib covoiod by the 
moon 01 tho pails deflciont lence scmid o paits dedciont 6 dgita the 
di Its eclipsed If SB bt Iobb tl n tlio df/Jetence of ilio eomid amoteis of the 
aun and moon and tl o moon s Bcmi hi notoi b tl o i eater tho eclipse will bo 
iptal but if It bo tl 0 / M tlio cchpso w U bo annular the sun ippeaiing all 
lound tho moon f B and S coincide tho echpBO will bo oenlial 

69 Lot A fill out of QN and to inoroase the accuidtey neai to tho appa 
lent coi\)uncton that is withui 10 oi l minuioa calcnjf^to the appaient Ion 
gitudt ffi S of the moon f om tl o sun and the appaient latitu le mn diaw tu 
pai illol to Sm and in tho ti angle Ant find tho anglo Ant which is equal to 
ASB an I compute SB AB u bcfoio But oxcc][ t n cases \iheio >oiy great 
accuiacy is lequ led th s is unncccssuy If NQ wuo a poiiect atiaighl line 
the (list opoiotion would give the eouccl volnos of AB BS Kiprut in an 
eclipso in 1 98 found a cuivatuio rf mqio than 3 m thieo houis bocause the 
moon was voiy neoi Uio nonages m il In the ochpso ii i79d M de la Lande 
found a cutvaluie of S6 but he loea not say in what time It is owing to 
this cucumslmce Uial is tlio cuiTOluio of NQ that it is nocessmy to find ano 
thai point noai to in oidei to dolcim no accuiately tl e values of SB 
IXaun deteimined the vdiio of SB and tho time of the gieatest cfiiscmation 
we tims find tlio bog dning and ond 

570 lioduco if necossaiy and lake Rr STT equal to the sum of the 
appaiont sorai liamolo s of the sun and noon at the beginning ind endfiespeQt<- 
ivelj then BV—s/SV —SB (B being now supposed in QAQ and BfFx 
St(^ -‘Si then to find the tunes of desciibing those spaced^ say as the 


u 


i 
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ON AN LCinra 01 lUL, bon 


ho uly mot on of il B moon i Uio tpp lontoil t oi BV i horn Uio 

t leofdeac bi VB ml^Q BW 1 houi the tin ol do9ciibi% hW 
w] chti es e }c}ct \cly SI bl cl liom ndallclt Uctimcoliho loatosl 
obsc u I on give nos ly the t m s of tlio bof, imn li 1 < nd But il stcui icy 
be eqmol U s nethol viU not lo lo it «>up[ osts lobe isUvigbtlmo 
1 ch SI p] 0 ition sviil cniBe eu( is too cousidoi il Ic in cnci il to bo noglocL 
ed vudwiUNOtdowheiegiost iccuucy 1 i quuul It may howove si ways 
e VO s i lulo to iibsunio (ho tiino of the bpginmng md and Ilonco it Mows 
tl t the ti no- of the gicite I obscuistion st ^ u not nocebsoiily cqiitd at mi 
01 tho bogionn g aid end 

71 If the cebpso bo total conudei SV Sff oquolto the d fleionco of tJ o aotnt 
1 ameteisofthoauDonlmoon onl then ^ P's: liomwhtULO 
wo nay f n I ll e t n of I se il m BU is bcfoie whicl wo may tonsider 
OB cq i 1 ai 1 wl tl \p] 1 d to U 0 lime of ll e g o itcst ohbcui itiou at B give 
tho t m of the b(,g nu lud on 1 if tl o tot vl 1 kne 

7fl To and no e wc Uc]> tho linu f Die btginn ii and ond of Uio eclipse 
TO wa must pi ocoed thus Atthoostimilol time of Uie bo inmng hnd fioni Uio 
183 ho aiy lohons and Uio computed pai ILixes Uu oppuent latitude MN of Uie 
m oon god ta gppaicnt longiUde ill's iioiu Uie sun and wo ha\o SiVtn* 
^/ 6 M +MN mdifthiabo cquilto Uio ippaiont somid « i semul o(\ hich 
Bum oall SJ tho ettimatod Umo ib Uio iinio of tho bcginnin but if SN bo not 
equal to S aamme (i tho oiioi dn els) aiiotliei time it A small inteivol f om 
it bfore f SN bo Uian S hnl q/l i if it bo m Ac/ to ill it t no com 
puto igoin the u ooni app i e it iaUlude »im and ipp iieiU longitude m fiom 
the aun and fad ^/i=^S/// H t/w and if Uiis bo not equ il to S pioccedUius 
08 the dfTecnco of Sn an I SN tho difloioncc of S/i and SJ (= V tho 
above issun olintoivol of Umo ol'Uino of tho motion tliiou h Nt the time 
thiou h nL whichloddol to oi suhtioctcd fiom Uio time at w accoi ling ns S« 
a gioate oi leas than SI gives Uie Umo of Uio beginning Ihe le ison of this 
operation IB tlat a /ilr uoveiy mall they will (SCO) be vciym oily 
poitionoltothodiffeioDcos f SN Sn lUd Sn SI But as the vaii lUoii of 
tho appoieot di tanco of tho sun fiom tho moon is not oxoclly in piopoilion 
totheva lUoiof tho diffci once of Uie ippucnt longitudes and laUtudos m 
oases vheio Iho ulino I iccuiaey s lequued tho t me of Uio bogiiiiiii g IhriB 
found (if t ppeai to be not co lect) may be collected by isauming t for n 
^md Ume^ and p Decoding oabofoio Ihia eoiiect on howevoi will nevei bo 
necflsaaiy exoept whoio oxtiomo occuiocy la loqn lol in oidei to doduce sonys 
consoquencea hom it But the time thus found is lo bo considc cd ns aceui ito 
only M> 1(11 08 the lahlofl of the sin an I moon can be depended upon fbi theij, 
accuioi^ and the bestluoai ioblea me sUbject to an ciioi of lO n longiiudo 
which n tluB ci^pse would moJ o on euoi of oboiit half a minuto m the 
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time of the b(^ujn ng and end Ilenco ocouiate olrtei^t one &f an ect pie 
^mp-UB 1 w th die computed t me fu n ehci the meonrf of coirectfa^ the lunar 
Tablcfl H w U be aiUuaaid& explained In Ihe same manner the end of tlio 
eel pie may bo computed 


EXAMPLL 

2b Ompuie H ftme^ qfUe Soloi Eckpte on Aptd 9 1701 
Pn tho Rojfdl ObsavaUnj at Otewaich 

Tlio I mo of the mo m corguncUon ( 44) la Apil 1 3 2/i 8 i moan time 

at which t mo wo find 

Moim loni; of (he sun O 11 l ic 

Loo of the moon b dose node OS 1 1 44 

Mean long of o fl-om d a node O 10 23 SB 


licneo ( 00) Ihoio muit bo an ctlipio aomewheie upon the oiiUi 

To the mo vn tune i f the new moon compute die sun ^d motm 1 tiuo Ion 
gitndci and they will beiound to be 0 la 47 48 widO Xi 49 34 
compute also tlio moon a tiuo laliludo md it will be ibond to bo 88 48 N 
Icsd n ling A( tho <uno timo the sun s hoiaiy motion 11 ibund to bo 2 28 » 
tho moon s hoiai) moUon in longitude is 30 12 and n latitude 2 46 da 
aoaung hcucc the moon s horn > motion mlongitudo fiom Iho auu is 27 44 
l^pioccodlng aa lucctcd in AiUdo 817 wo find tho nem tiineoi the 
odipbo conjunction of Iho bud and moon to bt Oh 14. 48 fiom which 
BubUacta 18 tho equation of time and it g vpb the ajpoient timesd 0* 
41 30 at which itmo Uie aim s and moon b longitude in tiio ocl ptio iB O 
H 12 14 and the moon B tiuo laUtudo IS 44 89 N deecondiug The ho 
il/ontdpnialhxoftl 0 moon IB 1 46 and of the sun 9 befloh tho hoii 
/ontal pualittx ol tlio moon horn the Bun is 84 W' j thdoibio (170 ] 64) tho 
moon s imrallax in longitude fiom tlio sun is - so 6 and ita pai allox in lo 
tihidofiomtiiosunifl-S 44 honoe -20 ''f ib tho app^ciil distance of 
tho moon fj om tho sun m longitude also the appaiont labtudo fiom tho sun at 
11 1 noith 

As tho moon ib to the wdit 6f ihe nonageaimal de^oo ossuroo 1 hour aitei 

* 
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or 8^ lil} 41 SO at 'which timo (Horn the homy molionB of the Bun asd 
moou) 'the ai n s t ue long tu la iB i )l nd to be 0 is 44 4fl the moon s tiue 
]on{,itQde on tl 0 ed pt c 0 14 18 86 and tiuo lat lu lo 42 IS i o th de 
&ccnl s Tie nooi a poiolhx in hltudo is— SO il 1 cnco the noons 
appa ei 1 1 litudoibll 3 also it piUoUax n long tude f om tl o sun b— 
8 0 but the moon a tiuo longiiiulo oxcoeds the bun 8 by 0 87 14 theio 

foie the appuent diBlonco of the moon horn the bid m longitude la— 1 6 
Uonce 


Moon B appoionl diet mlong at 0 41 so = —80 6 

— — 1 41 80 3! -1 0 


no Appuenihoi mol < Homo n long 19 OssikTP 

191 


Hence 10 O SO 6 l houi lA S so wh ch added to the time of 
the tnio coiynnction OA 41 SO gives lA 44 80 the timo of the appa ent 
cof\)unction Also tlio * 4 )p&icnt hoiaiy motion m latitu le is 17 = iZQ henoe> 
QN IS veiy neaily equal to ilfP 

At this tune (ftom the homy mobona) die sun a tine longitude la found to 
beO iS^ 44 0 ^thomoonaO 14 14 7 and the moon at ielabtQdo48 

4 hence tlio moon Bbue longitude IS gioaloi thai Iho sun s by 89 17 Phe 
moon a poi illax m UUb dc li om Iho ai n is — SO 93 and m longitude — ^9 l 
henoo tlie moon a appoionl laUludo la ll ss loitt Iso the appoicit longi 
tude ilom die aun u J9 17 ’-39 1 =3 which la wl at the noon s appuont 
longitude excoods tlio aun a tine longilu lo 

Thu ddfoience shows the eppaionl coiyuncton found above to bo veiy 
neaily tiuo and lo gel it moio occuiately say 19 0 8 l houi 6 which 

(as iho moon s appoiont longitude is the gieatoi) subttoclod horn lA 44 0 

gives lA 44 44 the tiue time of the appoionl coiyuncbon at which ti ne'^tho 
moon a apparent longitude ib 0 19 44 0 the some as the aun a t uc longi 

tude that not having sensibly vaned in 6 of tinio The appoient lalilude is 
U S8 8 Now it lA 11 SO the moonsappaicnidiBlance n longitude horn 
the aun has been shown to be 1 6 and at lA 44 44 the longiLudo of Ihe aun 
and the moon s appoient longitude aio equal thmofoie in 14 the appaient 
mohon of themoonflom the aun was 1 6s66 letthusiSm oi nr oJIbo at 
1/ 41 SO the appaient lablude fnns; 11 98 and at i A 44 44 it was 11 
88 lUf^SA ther^ieAr=0 8 Hence 


66 0 98 zad ton ^ or^^JSsls l 
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As Ulc anglo Anr h so voiy sniaU we nay tBkc^ff=mE:66 without any sen 
siblo ei 01 Slid fbi the sai le leason 8Ji may be taken ^8A = 11 S 2 

Ral am is l 11 SS AB = 2 6 

Uonco ^11=66 AB=2 0 3 14 8 the time th o igh ^ V which iakui 

Horn l4 M 44 gives l/< 44 S6 the time of Uie ^leatc t obscu ition at B 
Iho moon s hoiizontal bc i id a netci u 14 6 ai d its It Li de at il e t no 

of the g eat at obscuiat oi ( I te m no 1 by a globe wb ch s a ifTc entl} nea 

foitli \ ipoBo)is bout 88 lonce th augmentahon of tlo diimeto is 9 
consequently the ipp ue t som diomote of tl o moon la 1 wh cl iddc I to 
1 9 tl 0 suns em lomote g ves 31 4 fiom which bubt act <SJ9 = li 

32 and the 1 miunloiiBl9 s the pa ta dofle ont leuce 1 9 19 S2 

6 dgila 19 7 dio digits eclipsed it the tune of tlio gieatost ob 

scui ition 

lo find U e t me of the bog nning we must f at get the t me ( 70) neoaly 
ihevduo of 5J3 = ll 82 =692 aid as tie appoienl Bcmidiamctci of the 
moon IS now 1 6 wohavoSr=dl =186 hence J} Tsai 782 Now 
OB MP s in tluB case nooily equal to QN we may fin llio pn pose wo heie 
Wont It assume the appaiont 1 oioiy motion of iho moon f om the sun in the 
appoiont oibii equd to that nl ngitndo which la 19 0 =1190 lienco 

1190 1782 ihoii l/i 37 20 which Bubbactedflom Ik 41 S 6 (the 
tune at B) gives Ok 17 16 the time of the beginnmg neaily Lot ns the^ 
foie asBume the beginning at Ok 17 at which tune we And (flom thehoiaiy 
motions of the sun and moon) the sun a Uue longitude to be O is 41 I 
and the moon so 18 29 whoso difibrence u 11 20 thou tiue dialaoco 
m longitude but the moon s paiallax n longitude is— 17 4. honco Iheir 
appaient distanco in longitude is 20 = 174 At the a ime Ume tho moon s 

tiuo latitude a 46 7 and its paiallax n latitude -s lo hence tho appa 
rent latitude ofllio moon A om the enn iB 10 7 theietfbie 5^=^1748 "+ 6 7 

= 1864 =91 4 which bci ig loss than 31 shows that iho odipso is begun 
Let us next assume Ok 16 and by piocoeding in the aomo mannci wo And 
6 / 1 = 1888 =81 3 tl ciofoio tho eclipse >8 not begun 

llonco 31 23 -91 4 =19 81 5 -31 4 =1 1 nunuto 8 which 

subUactod f om ok 17 gives Ok 16 7 ioi the beginning of the eebpao 

If to Ik 44 96 wc add Ik 27 20 welaveSAll 8 we will tl eieforo 
obsiuno dk 12 feu tho end and by pioceedmg as bafoie we find the i^paient 
(hsloneo of tho moon f om tlio snn in longtii de to be so 97 and tlio moon s 
ippucnt labLudp 10 48 hence tlie moon a api arent distance Aom tho ann 
iB y/1887 +648 ^ 1948 = 32 28 but the aum of the appaient semidia 
motels of tho bun and moon is now l 2 consequently the eclipse » ended 
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liCt US next *i88uiue tlio t mo Sh 6 and the appoiont distance of iho moon 
f om tlie sun in long tudo is 98 28 nd n 1 it t lo 10 ] e cl tl e 

mo n appaient distai e fon the sun is ^1708 +0 =1820 =80 29 

the efo e the eel pso b not ei 1 d 

Hence 92 28 —30 29 =1 9 31 2 — 0 80 =99 6 1 89 which 

added to SA 6 4,1 es 3/ 7 SO foi U e end 
llencc at the Eoyol ObEeivitoiy at Gioonviich tlio 1 ibles givo tho ti nes of 
the eel pso on Apnl S 1701 

Bogmtung 0 16 7 

Gieitcbt ohscuiabon 1 44 0 i appaient tune 

Uni 2 7 89 3 

D g ts cclipsod 7 19 7 

If it be icquuod to compute the eclipse foi any otiioi pi ice nstoal of the 
lalitudo of Oieenwich use tho latitude ol tlio ploco and icducc the ippaiont 
tune at Gicenwich to tho appucnl timo at the place accoiding to tho difioi 
ence of tho moi dims 

7S To fod what point of the sun s limb w U fliat bo touched by tl 0 moo i 
JIG P tho polo of the ochptio L& Z the aefuth £ SI tlio centoiB of Uio aun 
188 and moon when theu limbs oie in contact at a a d diaw SIB peipendiculu 
toHiS^ By Alt 164 18 the alt tude of th no iigcbunal degree anliSPZ 

IB the sun s d Blanco dom tl at point boUi i h ch o found in tho coit putition 

of the paiallax also VJD is tlie ippoicnt litilu lo of tho moon hence 

K,a 1 ton P/ sin B1 Z ton i 82 
Ion SV lid tvn Bh cob BSM 

If / be tho longitude of Uio nonngesimal dc^jice then ZSB=.ao —PSZ 
when iho sun s longitude is botwocn L and L + 180 otbeiwiao PSHsOO 1 
PS2 and ZSB± M%B (accoiding as tlio moon b visible 1 ititudo is south 01 
north) givos 7SSI tho distonco ot tho point of tho hmb ol tho sun Hist touche I 
by the moon fioin tho highost point of tho sun s disc 

In til B eclipse 1/— 0 7 and SZ2=a 16 lenco PS<Z=37 3 

which (in this case) a Ide 1 lo 00 givos 117 9 Iso BSSI=ao 42 

which (is the moon s appoiont laUtude is noitl ) Bubtioctod ftom 117 s g ves 
ZSM B J6 81 tho moon s distanco dom tho zen tl of tho sun t the bcgi 1 
ning of the ochpso In liho mannei the diBtonco at tl e nid 11c and end of the 
echpse may be fbnnd and thenco tbo appaient p ith of the moon ovei tho Bun b 
^ disc in leflpect to the hoiivon may be desc ibed ( 78) 

S^4. In tho computabdh of this edipae the moon a true latitude and longitude 
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\ 10 sl fl sl computod f om tho Tiblos and 'ifteiwai Is doteim nodflom llio Iio 
1 1 y 1 otionB but sb tho 1 o ny niotioiiB*inay be subject to sm dJ i it ou n 
the lu stioQ of in eclipse n cisea whe o tl e utmost occniacy u leq^i i e 1 Uio 
iiUQ lihludo ind longitude shoul 1 bo comp ito I evoiy tuio i om tl o Tables in 
sucl ciscs the dccunils of the seconds si oul I Iso be taken, into conaido at on 
ivbicl n tl 8 example wo e om ttel Whom o y nt oily to pi edict an eel pst 
tho mothol heio pi ctsed \ ill ilwiys be sufficiontly ccuiate Wc he e fol 
lowed tl b une metho I in coi iput ig tlie occi It it on of i fixe I stai by tlie 
mo n ihitcon] it ton tho ofo e niy il necess y bo eiloiol o e coiioct 
m tl am m nnei 


lo constmet a Solat 1 cbpte by tie 1 ttiiciiplee qf Fiqjcctton deltoaed tn 

tie leutUaptet 

7 Accoidui to Ui s p cgcct on ( 41) tl o ippiicnL cH pao Icsciibod by 
my point on tlic ei Ui s biul i to i ij cyo it tl e contci of die sun is pioject 
od upon a piano it Uio n ooi pup n 1 culai to 1 ne joining tl e e utli end sun 
and tho p lut ol Uio oUipbe ol piojccl on coiicsponding lo my point of the 
otlioi ellipse whole tho peetiU i s Uio point whom tho cci let of tl o sun 
ip][>cus to tho spoetitoi Iho eintoi tip ojcetion is in Uio ecliptic If the 
lull i oibil be piopeilj 1 ud down md divided showing wbcio Uio ocntoi of the 
moon IS it uij time wo ah ill Uioii Into tho lol live situiUon of the conlois of 
the sun ind mo in it any time soon fi om the ^ivcn plico of the epectitoi I^om 
ihes p ineiplos of pityecUon ve tlius cousliuct Uio soiu cclijise which we have 
hcie calculated issi ming uch elements as are noce sny Horn tbit calculition 

70 i iko ( 11) iiidiusO/ equal to 1 97 tho difibience of tho suns jn0 
and moons hoii/ont Up iilhxcs md liiile tinto nunutea md doseiibo the jsd 
aomicnclo lepioscntm half tho cuclo of pitjecUon JOC lopicsontm^ 

UiQ echpUc to which diiwOGr peijicndiculai lind ( 86 ) J Ibepityectod 
noith pole liom UioscileOr take Or= 4 9 x sin lit x cos dec an I in 
1 line pcipen bculu to 0/ sot oil both wiys »6:=A x cos kt ind m=f»=A 
cos 1 It X sin doe ml dose ibe Uio ollipso m0n0 ond divide it into horns by 
Alt 30 an I Uien sub li\ de U ose horns which you will wint to make use ol 
as foi os you oonvenienUy cm lot Uio wvo of tho hguio 1 lom the sc Ue tiko 
Ov eqnil 44 9 tho i looii s tiuo J it tiido noiU desconding at U o time of tho 

ediplio coi\)i ncUon md li iw I vM miking in ingle with Oo cqu il to 84 
1 0 tho CO nplc nent of tho ai glo wh cli the iclitivo oibit m kos with U e eolip 
tic on tho lejt side if the laUUido be no th oi south dea eastt^, md on the 
a ht i£ tneteastn in this Example it is on the lelt s do and iuJlT will le 
pieseot the i loon a lelative oibil Muk upon the moon s oibit it tho point v 
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<1 y> tt-rtie.li the t me laenso clock Urtiichtte due edipuc con 

juncUOTheCTone rad wth m oHontsST -s the hoiuy motion of tte 
m«m horn U e ran m rt lel-rt vc mbit eetoffUe home okJi way horn n md 
TOb 1 wdo thorn into minutes oi -w foi ns tho b zo of tl e 6 uie will t oirait Now 
to ^ 1 Uio i mo of Iho nid Uo ol tlie odipeo like tho compn e md flu I by 
tinl wlnt two coiiosponding timos as at a and .r upon Uie elhpso end moon e 
oibil i e nc uost togothci which will give the time of the greaiett obscwation 
beuu^ the centms of Uie sun ond noon me then at the lenat diataice To 
And the lime of the beginning tako with the compisa liom the scalo an ex 
tent equal to 31 the um of the somidiamete s of tho sun and moon and 
by U U fnd two oi uq onding times as at « and f at U at distanco aid it 
g vea tlio lime of tho Le tmtm and if you find two coiiosponding Umea is at 

3/aiilw atUiodtslanc dl 2 Uie sum of the somidiimoteis at tho end it 

gives the time of tho etid oi yon may omit the voi ition f tho d ametu of 
the moon in tho inteivol Toi Iho beginning must be when the ccnteiB of the 
sun and moon ainye at tho distance of tho aum of thou eemidi unete s and 

^^7 l>ave got to that hstanco 
To fmd thedi its edipsod at tho gieatost obscmalion take eufiom the scale 
and say M eu 6 digits the digits echpsed io ind the dig ts eclipsed at 
any othei time take with Uie compass tho interval ai that time on tho^pse 
and on the moon s oibit and apply it to the scale and then saj «r thotdiT 
tance 6 digits tho digits eeltp od If by tok ng tho nteival of two cono 
qwmding times it appeals th it it is alwaj s gi e itez than the sum of the so nidi 
•unotais of the sun and moon it ahowa tiit tho o will be no eel pso at that 
place ^ 


77 Horn this consUucUon tho position of tho moon in lespect to Uie ae 
nilh of iho sun s lisa may be found and Uionco tho oppoiont paUi of tho moon 
ovoi the un in lospcct to tiio hoii/on loi ( 40 ) a Ino diawn fiom 0 to 
any point of Jho ollipsc whoic Uio special o is bomg voted horn Ue pun 
ciplos of Ihe piqjoct on the mgles Oti Ofu Oxy show the ongiloi disAnco 
ibout Uio contu of tho sun fiom its vmtox io the contev of tiio moon ot tho 
bogimung middle and end of the cl psc Iloncc lot C bo the ce itei of tho 
txm /hda Z its vonith and mako the an^^les ZCJ 7CQd ZCR^Ota 0*i 
Ov>y in Tig 181 lospectivcly tal o CJ GA equal to th sin of tiie omidia 
meteiB of tho sun and moon dCssUic digits oclipso I and 8Q=aP and with 
tho centott P Q it and lad i Pa:=Q9sM oqn 1 to U e som d imotoi of the 
moon deaccib^tbioo ciiclos and Uiey will lepiosei t Uie situation of the moon 
at the bcginnftl^ middle and end of tho eel pso in espeot to the veitex Z of 
tho sun and conseqncnUy in le poet to the hoii on hence if we desci be a 
c icle thioUjjb P Q it and witii Uie same lodius deaciibe tat paiaUol to it 
It must \c y nooily repiesent Uie boundaiy of tho eclpse oi of the ortieme 
poit of tlio moon s limb as it passes ovci Uie sun m lespoct tp the hoiizon 
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78 Ihe oclipbo m'tiy nlflo bo IbQB oslculated f om tl p pipjectio^ Aowmo 
tlio tune it t of begmnm ia deto mined by the constiiict^cm dis^ tc ^ eipen i 4 
diculu to OP ID I joii Ot O 9 Tbe tune jGiom ttom being given conveit it 
ntodc^jieesa thou ( S7)Bin a xfb=ic and cos a bvit( S ) Ot 

a ] nown he ice Oc <> known theiefoie in the ^ighl angled t limglo Oct wn 
know Oc ct to find Ot and Ot but (586) POv s gii en thpteibre cOt+ 1 Ov 

vxiOv IS 1 nown olso On and the s gle O'oa ore known by the constiuct on 
oi d the timo 1 om a to v be ng given u d also tiie moon s leUtive hoi'uy mo 
bon mLM wo know m hence in the t aigle Otw wel now On tv nd the 
augl Ovs toll I Of 1 dU 11 leoOf hence we fnd ud 

lastly in the tii ngle lOf wo 1 now tO Os an I the sngle iOs to find fSp and if 
il IB bo equal to the aum of the se nidiomete a of tlie ann on \ moon th os 
Burned bmo is tiuo if t bo not eq lol to the sum osbi. me onothe ti i e foi the 
beginning and find anothoi vali e of A and p ocood vitli these two as in Arti 
cle 73 In 1 ko mannoi we m y find th end But tl a metl od is not ( 4i) 
subject to ihe same aoct acy oa the n ctho 1 of calculation wluch we h wo ^>dy 
given 

70 Sii I N wioN ipposeathat the aboiiaUon of lays in tlio focus of a 
telescope mikes the imago ippcar greatoi U on it ou^hi an I honce difibent 
loloscopos will givo difiment measu oa o£ the sun s diamctoi and consequently 
make the eclipse ippoai to begin at difibient ti nos That toleaoopo wbi<h 
gucs tho diimetoi ihe least la the moat perfect inshumont 'Jibe pNcellent 
tl msit telescope at Gioonwich makes the ^imetoi oi tbe sun less by fi tl^an 
that givtn by Matub in hia fables as Di Mabknltne has found by his obsa 
vations J ho diamotu of the sun osaomed in these oaloulatiops has thotefore 
boon taken 6 lus fiion th it which Mavtib dotormmed M du SsJoun sup 
poses tliat the lays ol hght coming from tho sun aie inflected os they pass by tho 
moon which he altnbutos to the lef action which they aufibi in passing thiongh 
tho moon s atinosphoio on tins account the appaiont contact of the limbs will 
not tako pi ico so soon aa li oUieiwiae would this would bo Ihe same ap a difnt 
nution ol die moon s diameter which ol tboao hyjxitlicses ought to bo admitted 
M du SijouB endoavouicd to dete mme horn the obsoivations of Mi Sikobt 
on tho sol 11 oclipso Apiil ] 1764 upon tho distance olthe hoins of the mpop 
but he could deduce nothing saUslocioiy li om thence lie supposed the inflec 
lion 3 S91 and tho liamotoi of the moon to bo dumnislied by tlie same quan 
tily and c ilcul Ued upon eicb supposiUon a gicat many distances of tho boms 
md compa ed them with the obsoived distances ^ but he coul4 Allot decide he 
tween tho two hypotheses An inflection of 1 8 and a diinlhfition oi l S q£ 
the semidjiamotor he found would aabafy some obsei vations and be Apemdd to 
Uunk this conclusion most likely to ho nomest tho tmth^ but he camp et la^t tp 

3 



ON AN ECIIP^C or THE BUN 


$66 


no detoiHunation i pon U e subject All the leq i iite obneivrt ons seem not to 
bo capabl of bung i le to tJi it Ic^i o of cc cy i Inch is necessa y to set 
tie so 1 ICO ft itte M li S j ue tli Ubi c p pose 1 the fbllos^ i ig mctJiod 
to det imii e I elhei the i js ol 1 1 1 pass by Uie 1 b of the n on Buflei 
dnj des 1 it 0 1 Toko 1 1 loscope mounte I upc n a j ol i\ s w Ih iviip imcio 
metei simoxcd to it When two sta s como n to tlie f dd of v ew togc-tho lud 
one of them is to bo ophpscd by tho n oon open tli wiiob u d 1 iing one atoi 
upon oie of tho wiicb and tho othei Bt*unpoi tli otl oi sud thus follow tho 
BtaiB until one of tliem bo ochpsed and it tlio inblo t bdoi it di ppe-us oh 
se vewl olhoi its distance fioni tho othei slai ib chiigod Uut s whctli it bo 
off the iviio the othei stai lemaimn upon its \ o if iJ b bo found to bo tlic 
cise tie sys i ust havo suff lod d ii ton Tiait AniljU^u ps 420 
I do not find tl it m obsuvation ofUiaknlbis beou c t side 


MayUi s Method (tfCoa^^uUn Soj ab I cj ipars talenfi m hn OiniA Ini i ua 
Vol I lot htch are added such ohcivaUons <7* wiejiui^fed necessat^ Jot 
eaplamn tiie gt owidi> qj Hu, Opet aUons 

86 It being dtUrimmcd that Uioio will be in 0di(j)sc oaBumo tlucc mo 
wonts of time at cijutl intuvals ns nculy as you cm 6ol\jccUue fo tho be in 
nin^ middle and uid of die och[ so to which ti i os compi tc tlio ti le Ion itudo 
ol the sun die tine longitudo an I lit tude of tlio noon 1 oi ho /onto! sc nidi 
nmolci Hid hci oqu iloinl p i dl it 

At tho assumed Uinos fo the be inning im 1 Uc an I cn I of the oebpso 1 nd 
tho moon B alUtudo Mluclimiybc bin. willi sufhucnt iccuiacyly a lobo 
ind thence find hei appoiont sunidi imotci iiom hci ho zonlal soin di inieioi 
Reduce the laUtiido ol tho pheo to th it at die oaiLh s ccntoi also icducc 
the cqiiito lol puollix to Ihftt at the given place bj lab Ait 17 S 

io the 1 lUludo of the pi ico so icdiicod at di Ih cc iMumcd tn los f nd tl o 
nonogosiinal dog co of tho ecliptic and its dtitu le hence die disl nco of the 
moon Horn t is known Ihon con [ uLo the moon puoUivcB m htitudc in I 
ItmgiLUdo at U 0 B u 1 thi ce time d i s j ou et tho appateni 1 it lud b in I Jon 
^ ludcB ol tlic n on uid the dill lonccs of tl appaient Ion lUi los of tho sun 
ahd moon attlicsc ti ncs dso the inoou a appuent labtu le 
By mtei|K)laUon fitid the difluc ice of tho ippaient longitu Ics foi oi c j o 
10 (in Oqr OqmgfAUon it u foi 10) cou ospor d to i hich j it tho b un of 
the app uend^B^unotOis of the atm and moon 
By compaii^the iQipaicnt latitude and IffcicncoB of lo ig ti lo with the 
bu n of tho seratdliliiotOrs (t) estun ile what ipp ucnl latitude (a) answois nea 
ly to tho beginning oi ctad of the cebpse and llua m ly be easily done then h 
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tlopicLStti Maouotjetki wn s ice tie moons l ititudo doea not often 
wy above 1 few nmitosi in houi Then compute v/c —a and Bee n the 
1 bio moigsttho tbfloiencesol lonytile 'whetl ei it baa a latitule an wer 
ing to in which cose it iill be the Uu d ffii once of longiludea at the b^n 
ni g 01 e d of tho ed pa But if the obo any d fleience between these hti 
ludos oU It a nl B y s/c -a » * a foiitl teim wh ch added t 
y/c - 1 if the latit 1 le be too eat oi subt acted if too 1 ttle g vea tlie 
coi ect Ifffeic CO of 1 n ti den coiiespoi d ng to the beginning oi end Coi 
eopo d( g to tl la difl ci co find the tunc by tl e Table and you have tlie 
Umoa of U e be inning oi nd 

lo find tjio time of tl o g eitest obscu ation and the d gita eclipsed asaume 
the lit tide it Ui t time tobc t and let ta nmemontoi deciementin 5 m 
10 about tliat lino bo x and the iimonent o deciement of the difbience of 
tho Ion itudoB bo y and I t ^ ^ a ibuith term y which w 11 be the drf 

feienco of longitu lea it tho I ne of the gicatest obflcu ation the time coine 
Bpondin towl ch g vosilioUracof theg atestobBcmition wheio t ougltto 
be obscived thaty lo bo sought fo mongstdio d fforenc a of long t id b bt 
Jore U c appuent c ijuncton f the lattndo bo tnereastnff and ^ler if de 
aeastti 

Fiom tho time of Iho gieatost obBC uat o finlf om the Table the latitude (J) 
ind •/rTj » the ncaicst d stmeo of tho entcia of the sun and moon which 
tikcn Aom tho sum of then semidiamotoia tho remaindei (leckoning tiio aim a 
Bomidi imotei 6 digits) g vea the digits eclipsed 
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Tocalc«UtimLdp«^^3mMr> h fpm,i t 0c3,U, 17 8 /, G^tUn m 

fl> t Lutiaf^ lables merted m lorn II Contm 


Thioe assumed 'iTiines (tiuo 1 roe) 
Si n 8 U(i6 lougUddd 
Moon 8 iLuo Ibtiglt tdd 

latitude noiUi 

Sun B semidiam^tei 
Moon 8 equate poi dlox 
'loi SQuiidromotoi 


&h 20 o 

3 6 19 

1 8 J6 

27 4J 
16 10 
9 8 

16 7 


Altitude of the moon 
Augm 6i tfioon d soifud 
Moon 4 dtitmd id idtitudc 
Sum of Mmide df son and tuoon 


3 

16 It 
32 21 


liatatude of Gk)Lttngon 
B^uctiou fm ditto 
Labtudo reduced 


Coi of 

Moonshoir p*dairot 


1 32 
16 

1 10 
10 
i B 


Moon 8 diBt fiom muid oa8twiud 
Sun 8 light ascousxon 
Right ascon of mid heaven 
Obliquity of echphe 23 i9 
Nonowosimal degree 
Alt (H non dogioe 


Moon 8 tiito di8t f oro nontg 
Sun H 1 01 p iiallax 
Dif hoi pu onndr 
Moon 8 poi in longitude 
- 1 itiludo 


(wpai Um moon 
Dtff oiappai tom < 


Dty oi appai hr% of o md < 
Appoi lat of the moon soutli 


10/ 30 0 

3 9 11 

2 89 43 

91 87 
16 10 
9 7 

10 7 


llA 40 
3 12 


8 20 1 
2 

It 1 
9 
16 


16 IS 
30 23 


1 ai 
16 
51 16 
10 

8 7 


40 

0 

22 

SO 


10 

J 

10 

6 

210 

170 

9 

188 

6 

0 

26 

7 

9 

2 

23 

47 

29 

41 

1 

31 

f 

2 


48 

99 

0 

11 

0 

11 

0 

8 

47 

58 

4( 

8 

19 

29 

31 


21 

39 

18 

44 

16 

i<8 

88 

7 

3 10 

48 7 

3 12 

28 

14Ll8t 

1 

34 I I8t 

29 

11 

9 

12 

39 

IS 


Hence by the Hules foi inteipolation die followin iable ib computed in winch tlio 
UnieB 010 passed ovei that aie of no use 
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line 

App d f Ion 

App lit S 

Sun a son 1 





0 10 0 

J 0 o 

J JO 0 

- 2 16 

- 38 IJf 

- 3 1 

11 2 

11 J 

12 

9 1 

? 21 

2 1 

10 0 0 

10 0 0 

10 10 0 

- 2 96 
y 1 4 

h 12 

1 1 

12 9) 

12 41 

^ i 

J8 3 

32 23 

11 90 0 

11 10 0 

11 0 0 

I- a 

+ J Q 
+ Si 

IP 1 

19 8 

1 11 

92 3 

8 2 

J 2 


Suiposo Uic htiLiiU ( ) U tlio Ic mnn U b IS c=9J 21 tlici 

y/c — =S0 i ll c d (I lomo ol I lit, li 1 wi 1 tliflc e kc ol longiUilo 

dois not anix Cl U Uic wunic 1 1 ilit I l N a Iht dc i sccf the ippx 
luiL difteioiicc ol IcngLulc n 10 n 9 9( — 28 11 =1 22 cm I iJic lif 

luonco between tho ajpuonl loDoitud 9 Sfuil90i i8S94 (omitlin 
U c 0 08 oJ no c nscquoncL) nls tlic. inciewo ot tlie '^pp^lont lititudo 1 1 

10 lb 7 hence 4 23 91 7 1 vluch ‘uldcd to 11 

r VO mi} tl oicToll c m ulo tl ib is tlic jp] uonllntitndo it tho boginniDg 
ol Uic cU p t in I U ( il the one poncUn ippuent diflcicuto of Ion lU ks 
let i6(f 91) iL) 1C uitthocclipt 2ltltsun nUi the cento ml idiiib 
ACzzi2 1 I SCI 1 thccii 1 O/ lot/nu (peipcndi ulu toj46) = l3 lilow 
ibiwtwi] ipcudiculii to anlnwlo^C llonmosil f tt-n is the 
coi fq^nding ikcicisc ol Uie dilT itnce of tlie ippuentlongitulcs to find 
1 hid IS tin, Uuu ko An ;mu i c s ii In («?n be ng vtiy small) Aru (90 

) «w (l ) w(l) »>« = ! which iddo I to SO gives 90 4 tl 

lifluencc Av ol the ippa ontlongitu ks it tl o beginning of Uie oclipsc And 
to find the coiiospon In t me is the m ivt on of the difle onto of the lon^^i 
tildes vity as tl 0 time 4 22 3 33 (32 36 -30 4 ) 10 48 which 

iddo 1 1o )A 10 ives Qlt 1 48 the tme of the /e of the ochjwo 

Hill j t 1 n b I u I n t Iff 
B > f -I h tl B ~ 1 a 11 lift 
1 Id 111 tl t 

VOI I 9b 


no 

SI 


fl I 1 yl ftihif 
r 1 B i iJ 1 th m tl 1 
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Hie enl t tl c td p c be i loin I n il o sat c pi nu] Ii. I \t II bi ncccs 
saiy io put lo\t n oi Ij ill pc liion As ui ic ll 1 lUtu Ic ( i) it tlic cn I to be 
1 c=d2 llieu y/ — = ) d2 I h cb d (I icnc oT Ion itilc 1 ih 
lot nswer t U o is i Hoi liilc Isiw J 6 — 8 = i fl n I 

( — 29 1 =11 an I til inciciso ol ippucnt htiliule i 10 is 0 Icnc 
) 8 Id J 0 mhich slioMS Uiat tboiois iiothui^ U b ilin I I Aon 

19 8 wbicb 11 y tboi foM bo coiihiilciel os tin ipi i cut hltlu 1 t tlic cii 1 
of the edpse aidtlis bi IB'S A) i Uio assut 1 appivit liUtulc bei i 
2J 42 1 8 8 which t ikon 1 om 2 4 Icvvcs ) 31 I i llic till 

iciencoof Ion itud s at the end aid to hndtliocou s^oi In time si} 3 
a 17 (23 6 — 2J 8 3 ^'7 which bubUaclodiiom 11/ 40 lent 

] 1/r 39 13 tlic ond oi il i ebpse 

It c timo of the iealesl olsauaUon hippons lol fi f ora il c t o wl cii tlio 
difiuonce oi Lho ippoicnt Ion tulos u equal to loll ni w I co iscquontl} 
between lOA 0 vnd 107< 90 and to find il o iipit tlili I iici 1} wl cii 
this happens we have 4 JO (2 96 +1 31 Ihcwli k elm oolq li 1 i ) 
2 30 (the chingo oi ap dif lon^, i ora 9/ 10 till the dil =0) (ll 
eh u go of ip hi Q 10) 3 the ell i cofap hi iioni )h 10 till Uic q dil 
long =rO h nee it that time the hi =12 37 



lict icpiescnl the sun S Is cento B^D the eel pUc Ax SC perpen 

cUeulai to BlaD xiM a poit on of the moon c. app iicut p ilh t iko St = 12 97 
ill aw Sm poipondicuh to wM uid io il S Now n 10 ilio chon c ui ht 
tudo 18 let wo= ond diaw ad pu illel to SH tl cn al the cone poii lin^ 
variation oi the hi oi p Ion iludcs = l> 10 and UioU in les lot Stmh mg 
aimiku (ad) 1 id am( ) «Sn (12 S7 3 <’’^=1 the appuonl diflucnco 
of longitudes at the t me oftlicgicatest obscination tlutis t is 2 21 Icssili i 
At lOd 20 ) hedco 4 10 i 21 10 38 which Clioieioio iddelto lOA 

flO g VOS lOA 2 38 tho time of the gio vlcst obsemaUon 

Lwtly 08 Aial2 87 and w»=l SSn=v/l2 97 +l =13 37 
which subtracted A era 32 8 iheic roimins 10 1^ the gicUcst quintity of 
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ccipso honco 16 10 (the ^un b 6en d ) IB d 5 6 digits ? Ig 
iO t1 0 Uqits ccl pBO \ 

11 0 c'dculalDnii may be m'ldo by pi(^oitionol lo atitiims and loguiihimc 

BIQL illUB 


At tlio bog 

im n — t 

=^3 21 -12 = 

Va 

1 31 -1 IS X 82 21 -12 

31 

“so 31 





By piop lo 

11 21 p 

/ 

6084 



SO 21 p 

/ 

9187 




2)1 

1 



32 3 p 

/ 

777 


At tlio I me of the gieatoat obscui'iUon wo bwo 37 | 1 wbith 1 

1I1U compuU. I 

u 97 ji / 1 1 4» 

1 ^ 9 7a 

Diflo I- 10 =log ho 88 s I* 11 7050 

1 0 cos 88 0 8 29 C 

I p I a ^3 

1 37 P I J I 3 


Ibiis ill olhu III 0 compi lUioiis 110 male 

■\\li 1C Ihcio 11c iiopoi torn. Iho ciraputilions 010 olso nulclypiop log 
by llic know n iiilcs See my J a libo on J lane and Sphet teal / 1 tt^momeU / 
Inmilii Uie ibovo c ilcul U ons 50U ha\o in the llic 

sun s in I noon a Ion itii I s on I tl 0 moon 0 lalitud foi ovc y noon uid 1 1 d 
night ot Gioci ^icl ui I liciico fiom ioui of thorn no uesttho tin os ofllic phoocs 
(1 the c lipsc } on n oy fin 1 the lou itudos oi d Inl tudos foi tl e issumod tunes 
Lhcn com^ uto tl 0 poiollaxcs 11 longitude md 1 it tude ind }on got the appa 
tent Ion itiidci and lotitude ^\llh the moon a ultilu lo (which bong vci^ 
ncoiiy tlic aanio witli tlie sun 0 you m ly if you do not uso a globe fin 1 bj 
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( Qipiit i Uio lit Ui k of tl 1 ittci) tnl 0 out U o a incnl I u of It ii ii 
I li t iio ll 0 I rV of tl c 1 111 1 iblc V 1 III I li I c 1 1 
Ihc u (f U I /) til cn I 111 ol rs of ti 0 111 il i ill til 
? i )f 0 }i L I 1 clc Inborn (i I 1 i III I 1 1 

njil f tl 0 11 1 f tl c I 7 ^\lull tl cclpsti t\)tct ll hi|)L 

MV, )ltli n be ciibkl to css moicncu1> tiol i cl the ]l it i 
11 till tlntpuiUiv ilwiysii c dio noon luiUi i 1 oni tl ki i c I 
k i c tl \t w t ll tlio me n I c to tlio we t ol tli it [ iinl 1 1 1 1 i It 

tl c ist J 01 ( 1 enwieb tbe lititwlt icdiiti I to tin. c i tl s cciiloi j. 

11 11k icu St ippi locli of Uic ctntti pne d ll ul i lit toiij ii tioi 

it! Iitlnd b tneteaun biit/j//) s I d cnanin 'V^lit ic u I lilto 
ll i 1 1 i illi\ 1 ompiU n ll c 1 i ll \ 1 loi luk nml lit ink tie 
o oil hoi /onl 1 p iilliv lust bo lU iiiniiJicil b} ) 


To fi ace oul llie Path on Ihc Surjbcc of the Eai Ih 1 1 oe Iho JCclipse x ill le cen 

ha! 0) J t any nutnbet of di ila 

81 I t r /f D be U t oil 1 ttno 1 htim phoie of tho coiUi 0 U t ccntci 
of th lUKi^ Ol tbit po I Ito which tlic suji sv Lcil JTOC th ]lantoftho 
1 |)ti OC \) itiiflciluu t y lilt no tl J 1 jc 10 idlctiJlf c 

ll Cl tile I 111 fill lit f lilt I ll ibi incc It bt i] on tli ihut 

ilo wl cl til 1 t \ illb cillc ml illypi ] del lie fonH ulut 

ol th It pi jti ( in th III iO I 11 tilt u i c Ilf 11 be c il t the ingl s 

lit cl tluj lie p I tt 1 1 w the jliit 11 ] on wh li ll coiLci cl Hit 

iijon i jn J tt I « rain I tlj (li it point n th cuLli who o ll o cch] t is cou 

till bee i ethc] (jeetoiii mil Ly lines d iwito tl ceiitci ol tliosui 
Id b ll i ]! jed I cent i I the i icni it uiy t ne oi Hio cdl ccntci of 
ll I 1 u ll i 111 yy 11 } ucii nculiui IMjw woInowOu lie nociis 
1 1 1 1 it tl i 1 11 c of c njiiiKlioi 1 1 1 ( 70 ill 111 lo Ot/ in I is tlio ti nt 
siIiLU Uit c ntoi if the pen nlii i it/ is sen tie Inc thioiigli /v is 
1 nc \ 1 11 1 the iclilivt hoi iiy motion ot tho noon bun 1 noun vZ will bo 
Inosvii 1 ice we cui ftii I /O n 1 the 1 1 lo /Oi finl( 3r) tl c inglo J Oi: 

ml sft si 11 ll \c the 111 7 0/ Now coiisiel 1 10 ml /O is two ci Ics 

upon tliQ 011 th B siiif ICO tlion lilt ui le 10/ between them i cquiltotlc 
iTip,l PO/ of piojctUoii md Uiciefoio 1 nosvn Uso the lit PQ s ll o com 
plti eiit of ih^ sera B de thuiUoii in I to fin I the nc ZO w m si consi loi 
/O 1 1 il c picijeoUon to bo tho s nc of the i c p o]cctod 1 cnee tho nc /O is 
that whose s lo is to a t us is 0/ to OA thoiefoic wo know tlio uno of Uie ait 
/O lud tonscij 1 ntly wo got /Q itself hence in the sj hciicil tiimglo 01 / 
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\vo 1 noTv PO 07 "VO. I ll c inf,le P07 to fin 1 1 X t o inj Ictncnt t the I ili 
t Ic ol tl c plice \\1 c 0 tl c cl p c s c lit \l 1 i I il o tl c wick 02 
then tl e time at tlio i ic 1 1 u I Ji h Dg kaowi tl ai gla ()1 1 (Lh lu i 
<1 I nco f ora the men I in) s kii i 1 cni o m c 1 i tl o in Ic PI / tl c 1 n 

glul oi Uicpo 1 71 oil the idn i 5 tl cl o ihoht tiilc uiU< i 

t I ot 7 be Vi I noi 11 lb pc nt 7 U to in 1 let llit tip \ i ii 
t I it ll L jjtvou tl lie Mil ll ll ilil > f tie j 1 1 1 h If 1 11 
1 1 11 tl c I me tl Q 1 ei luib 1 c b i / i I j i will l c 1 1 ij n U 
SI fl tt of tl t ll til tU 1 ill of ll cc tci ftll^^ ll tlltl til c 

the e h] s tent il If \ o 1 ii 7 to i g t ll t pli \vl U c s in ii s 

tnt illy 1 1 1 1 a d f /be bi uf,litto c wo sliiUfind who i iliosnii ct ten 

1 illy eel p I If / tine Icwilhr w cLtlic ihco wleie the aim is con 

i ill) eel pst 1 upon Ll t nui bora I tl ij be tlio cuitoi of tlio po iln ib i \ I ou 
It 1 1st t nithts tl c c ll 111 ind tl o ct iti i when jt kavos Iho p ii Ih in I h iw 
Oft pcii aid cul u to 1 1/ il cn 1 now i Ov ind tlio angle Oir \ c cm hnd 

00 lid tOft ilsc Oy=st I© I era I ptiiiml isl n Tvn Itii e u ibt 
ij ht in loll in 1 yOt wt tUit i t,lt i/O iiulUioidoi wtlinv^Ow 

ml /’Owb in ilralyf ml t know /Oi knee in tlio liianglt ^Oi wt 

1 new /O (= )0 ) 10 and tl c in It J 0/ 1 tiito wef n 1 J / th ti mpl ne it 

f tl t hniud oil f n 1 als Oil i I wt 1 /i Ji U 1 itii k of / f tl e 

flic nci liuiyii lira MO tttU pli c Mil t tiu i Ip t fn t bt^ii it 

lilt sim I n*. In hkt iiwnnci wt tt tht plwt « lyboi Uit cthpgfrjwt aids 
It bUU BCtUn 

I \ In til f st solar cclpse mh li wo I i\o I ete compiilc I let jt be le^iiii d 

tc (nllhitiht ip 11 the twill s Buific wlitio the sun is cent ill> od p ul at 
one odd HP w 1 1 tl 1 C at Gu onwith In tl 1 1 e Ot = Il 9 n 1 ill 

in k Oi/= 1 n I as lie time at i I ll 0 ndtherciiUi ei tloien 

11 nl i s It / item cl el th I mo il cn 1 7=1) W wl 1 

— ) i h nco /O— ) th raglc 0/ :=•«! 2 ancl/Ot=l 6 

k )M Ui n I iH Of 4 ( hence the ucO/iioiiili siiiliec(coi cpoid 

iiif, t> t p 11 cl in= J) = 41 4 also 2 0=; 1 SO nl ( SO) /O 

= 2 2i her CO 2 07= J f conseqiei lly f 7=4 n llic co nj le went 
of wh eh IS 44 17 Uie III tilde jflloplco ilo7/0 = 8 1 but il one 

otloek ippvjcntlino itCioonwich its me idian 222 Hikes in ngleof 1 

II J O Gieenwich bung upon that moi d in oL 12 o do I I twee 121 7 

23 1 the IcaigJtiide of Uie place west f om Giccnwicb In hi e m innti may 

my of Oio othci phsnonien i be caleidatcd 

362 Diaw 077 pciponl culii to J HI and take t«?= <r oquil to ti e aitn of no 
ibc semidiimotors of the sun and moon and draw dqf xcif puoUel to ZAf then ^ 
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dftiw I tjf will luni] out U c bou i l-uios of the ccl ] se or Ll o ^ 1 ico 9 wl oio tlio 
lub oiilcs iiilmoijust jpca n conticl So that if wo I \ko the moo i 
tl uivihc / I d 1 i / 1 lenUcilu t ^ uilcompite theliKudo aid 
1 ‘ I Ic f llci It; n til sin i annoi as wo dd Ihit ofZiulhoIist 
A tl k it V lU j ^0 llio phco vlio o U e 1 1 ibs of the sun 1 1 moon apj eu in 
nl ict oiitw aiclly JU w i I il o on tho othei v. lo of £JH wt si all n th it 
111 tjtt tl c 1 1 ICC \ I tic they ippc u in contict If wo do tl h foi ovoiy quai 
Ui ( lull hoiu wc sli ill tl 0C9 tlic path o\ o the su 1 ico ol tho o u th w hoi e tho 
Jn lbs ol (ho sun ai I mo n ippcu m contact o Ih bou i luica of tlio ochpso 
Ihii i oan 1 y down upon (1 o cdiU suilaco that ti ict ovoi wh ch tlic i onum 
bn 1 s cs II cv be dn dul nto twdv ctjiul put ind c/ be tal n cqi d to 
tl t /Ucii ki nsluic aul //t bo diiw 1 pi ill It J If and tho pUco of 
1 c nput 1 Lf, lies tho phco vhe tic i n nil bo tlucc 1 y ts cthi cd 
III I 111 111 muiiiKi I hclncini} (lie lt<ut on lit oiLhssiilico be nulul 
ouLwh th un will ippcQi Ui dij,its cilqisel itho&i ci lunei w 
Ml) tl ICC out Iho pathio aii} nuinboi oi h t 11 va=vb a d o^bc the d ff i 
uic haw tn UicappucntdiumcUi of the sun and moon auloi; Ihh 
li iwn punllcl I / il/ tl II il U c di moici ol the moon bo g oito tlian th it 
ol tlic sun the SI i c between « on 1 7; is tl o bin t loi tho total eclipse 1 1 1 d 
Uic diomctci ol die sun he tlic gioatci its dll o tlio limit ol Uio uinulu ccl pso 
lliib incUipd f doliuei (in Uio hue ol the j liases ij o i the eaith s suifico sup 
loses tha,$ ilic i|pu iit nea tsl 1 tincc ol the c iiU s ol tlic sun ml noon 
i )l tlio cm p nlii loin iipoi the claticol L ol tho nooi ml upon 

tli< illj) 1 III line 1 I Cl Ik ul 11 to tlio moon B lliicobt but tins is 

luL uciiiitcly- till ul tlicjcluo tho 1 lincvtion cuinot be accuiate II is 
lilt will li IV Ull lent pos tioiis it dilluenl phccs loi tl 0 same plusc M lu 

Si moH ptojKse Ibi icloi to td i tht raoux mtlc lie loun I iii o loi ol 3 
i 1 in lon^itu Ic and of J 1 J in time ol Uio contact loi tho lit tude ol 16 
n b) sii])posinj. It to liappon q on i pc pen 1 eul u (o tho lel it v o mbit 

fl * M dc 1 1 1 AUDI h IS lien Uie lollowin ^i iph c d melho 1 Di iw Til 
on i sepuale peio of pnpoi lul livido it so Uiitby novin^ it you nay bi ng 
iiijluniil t llieiil lo tisUinee llio oibit b novod to tho light till tl e 
lime ol 1 llin on t bo one bom lite Uim lliat loi wb eh tho c nsti clioii was 

Just mod It 1 in i p ( J i irosiUon lo i phco 1 to tlie east ol tl it phco 

lotp/be 111 ) pi did ol htitu lo iiul d \id it into houi &c tlicniioveih 
mbit / M until wiU in ctlent of compiss oqiid t tlie sum ol the sem lii 
uietois of tho bun and moon you can n ake tho { oint fall on tho saipo houi botli 
on ]iq and J Af mil at the simo time Unt it shall bo tlie slio t st distance bo 
tween any two coi capon lin bou s on py a 1 1 i If Uieu Uio lUnetonco of the 
houi shown it t; i conbcqucnce of Uie lomoving of tlio o b t bhows tlio 1 n 
^lUide oi the j lice fiom UiiL foi which the piojcetion wis inodo and the ja 
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T'lllcl pq ill iivi the 1 Uituclc tliciofoie ll p ilacc on tl o euUi i uif cc i iete 
nitnod 111 L tl L Jinbs ]ust c mo nlo c itict lul Ic tlie to Ih le 
in 1 / tpt It to IS in iny j) « lUds of 1 it tu 1 i t pic 1 1 1 1 tl iis t i e o it tl 

oiu\ o on tlic i ll itt of tlie ei tl line tin, 1 1 ibs j st co e it co ita t 1 
111 c m mill 1 fiilloincteitilcu^is ItloBin d lelc less no 
in y tl w 0 (lit tl 0 } uh mIicic the sni lo b^tLcJi sed in I so fo ny 
otlici } h (. 

S 1 BtiC tUc cuci 1 pin. ion p 1 n ij b in 1 o c c 8 ly 1 1 1 w d IT 
cicnt iLC iu> (kit uiellyiconn i gl I Ills B i tbosi s pb S rr 

ll the bi i/eii m i ll ill et tl e 1 ui d x to i a d bu " tl c ii t tl c 138 

/onitli I ml I 111 lb vt 1 0 nt 0 the lobe extend a di cod A JF peij e d cult 

to th L el pile I ( Upon i sin Ul st aigl t lo I LiJ let tl e e bo a moi e ible 

ciiele adlm s hose centei t is in the niddio of the od nd let ib id us be to 
Die 1 ulius of di be is die oi idi i nctoi of the pe ii mhi i la to the 1 o i 
t ll pninll IX of the i loon I ot tl cie bo tHO moveable ip ght p ce s atticl I 
to the hoii/on of die lobe ml capiblo of be i 1 It my t\ o } o i t 
(list uie( Sr [ (j[U ll to die moon 1 ilit le it Ih t n o of d e eel pi c oo ] net o i 
let the 10 1 / 1/ Gilt d> tiuoil 1 ijUnctouel tgiliegl beat S nl ml n 
nil ingl( ATi S < q ml to the ui le wlu 1 do cl it o o bit n 1 oa i tb i j c pen 
(ll 111 11 to tie (oUpl i a beloie d icctcd lud i tl a ti ilonl tile lb 
fl\ (I to llic iboi e niciitnue 1 1 icccs llicbed to the ho /oi It loll/ be 
d \L led (is in Alt () nlo tine tl o Uue it d o point t? b i that fd 
cdipl c eoi\)iuietion n id let dio boii/on of tiio globo be fixed cx edy j anilcl 
to tho hoi 1/011 in I upon i dao du cad ib is^ end a b tmll c meal i e gl t i> Lli 
Ul neutc \ ilex eveiylhn bein dnspiep cd j occedtJua h tpie 
inisnig ll It die cu ele iJ f r(co ncibn Mid tho bo i/ n of tho lobe) con 
to ns ill 111 p] leeb mIic o the aim s in U o ho i on die -wc tcin 1 c ii spl c e 
conLiin lip, llio mIic o die bun is ji lu and Ibo o stc n mIu o tl c sh 
s tti 1 

( uij Uu cento of tbo p nunilii to» \b le jo fnd 1) siapci I i U c 
thiilli mil jc plui> d ititsp ojeclioiia oullj t touch dec tJ tl i 
till 11 tl e t,U U till the 1 1 lek sliows the sime 1 o i s Uic p nnt i and U e p nt 
I at tint lame is the pi ue fu t Ion he 1 by U o ponut ib a 1 1 1 ll o ocl p e tho 
bt(pms ot sun iw C uiythe <en( i qf the jon mbi tocagato f i 
1 0111 foiw luls foi insl inee lud act die globe g i n t th it t mo u I m tii tl 
tl loid find tlic po nts i »* whci die piijccti i of tlie ciicuuife ence of d 
1 cnui ll 1 1 would inloiaoet the eucle 1 CVL and i no tw otl c po nls 
ovhcie (lie eclipse begms at sun no By prooocdu thus th o the Miestc i 
pail MTO mny find is ni my points is mc plo ae whcio tho eel pso I c ib it son 
se and by (h, awing i cinvo th ough diem mc ottiiet icto th ca ths ii 
i ICO wbuo tho celipso begins at tbo nain of the sun But when % cornea mt» 
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the oa Ic n pill cl Ibo ^ hcci >bc Uic ccl j sc 1 c^ii s al iod sot consc 

quo llj the is pi SI ill ifcl llci s coot 11 ilion ol 111 ensoul h 

] IS c tl 1 ill tl ] 1 c s s 1 Cl ll c 0 1 ps b IS It su i p os dc I 
tl c 1 lie ( ll c pen 11 b n Ioot iiol fUl q o i the c utli it ll o n kll o/ the 
ell] 0 U L 1 ll 0 be ill (Idle ol Qio gene il eel psc and 07 I e ] j n 
1 ul u I ) / 111 U 0 p ojeclion wlicn 07 is less Hi ii Iho i uli w CliJ ol ll 

1 on i nl 1 1 If Oi =11 Hio cm vo 8 toi eh ind il 02 bo g cilci ll ii 7i tli ) 

I e sep iialod beciuso Uie ponumbn the i posses os i o put of tlie c i Lh illei 
it leases tliosvoslein side bole a t con os t( tl o eistc n ml Ihoieloio in Hut 
n toisil H e sun is not ocliisol to iny put of tl o ciicamleieiico 77 VC 

1) iw /i pe p 11 1 cul ll to 7 AT ind oc ] ii illel to it and whins to cc nics to 

c ll nJu ill n m i lesHj begins lo bi k ml Iho ] ut flrfAwiIl Hen cut 

J(I iidH 1 f oHieiulc cet n ssill sh sv il o p ii ts in H 1 ou/on s 1 eie 
tl 0 eclip 0 end t s i sol 1 i ilieselocil) ol tb peiu ibis be n j,ieito tliiii 
H it ol H 0 CQilli ibonl its i\ ihe penumlis must liivo Hie p miss hull t 
then touches And loi this leisoii Hie cel pse bej,nssvhet bta uls ICl 

II net s c IS a point whoi Hio telipse eesscs to be in it un i so ii 1 1 e ms 
t onl t sin set H o cu ve showui Uio pi ices when the oeLpse be ii s it sin 
II ng js coniinnid nlo the tuive s 1 ich shows the plooos wheie Uie cl ^si 
ends it sun ilsin an I ib * ind w meet igu i on the ei Lem s do ol the t n (h 
ihe cuivos tliQic 1 cot a am When ihe cine 07 i Ic siliin7f chas a 

no tuivo mthcloiin if I l JJ Ihe vi lie tv ( I ll e pi t >f ilio ci tb 1 oin its 

lolition bent, i ilest tisvuds Hu iqiuloi H o\ vis w 11 bo n oi opon lo 
w nils /I and Ji Hi ii tow u 1 ( 

iif 1/07=72 tl e tiY( os ils touch os ili 110 but Hut neaicst th i I i 

1 double 

3IG If 02 be oilci ll in 7? tlio tvoos Is sTillle leliclied i nl in Iml 

111 f Hie peipci d ml u 7) i / V (in Hi pi( j tl ( n ) I e loss tl in if Hie os il 
iiciiestHiepde w llbe liubl Iwo ins ^77(7JL>utln Hu ovil ind 
(o me 11 y the ] loject on ot i urd I will 1 ow ssheio Hie 1 n bs ol Hie sun uid 
moon svcie n eonliil 

Ilf II 7>l/ lill be} id tin oarih oi ( 0 ho on Hie olliei si Ic of 7 Hic cmic 

138 'VS ll b 1 1 c I 1 U until D be t^ieol Hi in JR n svh cb c ise Hio ems e 1 

cones isinplo ovil nd vhei 01 = 11 the ovil s- i islies 11 o e c icmn 
slinees wluch wiu ^ uu ly hi d Lsiibel -ippeai 1 om Hie above mcHi I ol 
dolineation 

Lhe piojociio 1 of lo will ^iso Hie n iddl of Ibo cchpso 2lic woslotn p ut 
of 7 6 vhub IB cut by fa in tho piqjecbon is the p it wboie the ctl pse is in 
Hio uiddie at sun i o; and whoie the coulein put ol Hio hoii/on is cut by it 
it shows tho po nt whoi tho inid Ho of Hio colipso is it s in b I "When t comos 
to c tlm globo be ng it^usled to thit time (J is a point of tho foimer kind but 

1 
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here tbo oebpso is only foi i mo it oi i itl e theie is no eel pac tl e moon i 
li > b only to toll tli it of the sun A tl o unbii adv ices w 11 ci t JTCF 
it soino (tJjci ])omt ib t to tie t me lonotel by the cc t i i^justtle 
plobo u 1 tt 1 tlic pi ice upon dec tl wh e the i id Ho of tl o ccUpsc a 'it 
sin is«g AndtlmsMc niyhnlinyi ba f su h pi ces nd diwa 
cm VO MjBDyl po-siiiff ihiougl all the pi ic wleolhei dU dtleecipao no 
IS M the 1 sing )i the su i A U 1 i this csac i i t bo sispend d f oi UJ 
la it iv 11 bo ni ic cenveu nt t bno die peiu ib idv led l two p L 
tliioupholi > that lluy niyb sop lated 

let o o t the c 1 1 i cl U Q 1 niib a o e the ca d 1 ig 1 y tl o 1 o 
tlic centu U 1C li 1 the 1 oje tonwid 1C} it c enl i ljukt d e globe to 1 8 
ihal time nd mil 1 c th jlace wheie the ceole of the u bia fliat toucl os 
tl o oa tl C iiiy o 1 tl c pcuumbi i a qu itei of an 1 oui &t natance u 1 I 
j ist the globo U Lho Umo sn 1 j oject the cento upon the eaid and it g ves 
die point wlici the ccJipsc 8 centi-ilatthattime Tnd thu a tinny po L 
s J oil pit lao uid di iw v cuivo Uuough them •JI nd you get d o x aUi of d e 
cont 1 of the x^^i^tiinbi v ovei th oulh show ig *111 those places who o the 
oelii o wis ceiitial 

XI tile pcuunib a bo foimod by 1 equ d stant concenti c wuea the j 1 mno 
moiu ol luy one ol dio digits iiy 1 e t ced out n the same mannei tl at s 
we can find / m luslinco all die ilices wlioio the sun a th ee d lia edipiod 
at Its iisin^. Olid setting and the Uact whero dio sun is dneo bgitsfbi the time 
ol die oclq se Tho globo heao used shoul I be one which has the houiB maiked 
on lho cquatoi 

Llic nediod ol iiooing out the difibionl cuives was I behove flist given by 
hi de Ja Caiiil in hie Astionomy M du Smoun has given m analytical 
method of laying down tbo cuives in bis Artalj/ttgue But those oie 

m itloi s lailioi c I eui losilj than of iny leal u o m Ast onom) If v e place the 
uicJo 2 / ( ])i ipt 11 Ik ilia to the hoiieoi and voit cal t S a st on^ lump be 

i xod in dio I line ipal focus of a doible convex lens so that the la}^ may be 
till own xmialiel tij f ii Uio globe end pcipondiculoi lo J21CV the shadow of die 
penumbi i w II gii c the points ol p ojoet on leq ii ed instead of d e plumb line 
X bus wo in i1 c I coniiu jn globe anawei die pi x ose of an Edipsoieon nvenl 
od by Ml line USOV ind dcscnbcd in bis Ast onomy 

8 As dicie ue not m my poisons who have an oppoitun ty of see ng a to 
t il cebpso of the aim wo slioll hoie give the phsenomena wl i^ attend^ tl at 
on April S2 1*71 Capiun oianntan at Bom n Switzerland s ys tie 
sun w os totally diiik foi foiii nuuuics and an ball that a Bxed atai and planet 
ippeiied veiy Iniglit uid th t ts getting out of the eebpse was p eceded by 
a blood icd sUcol ol light flom its loA bmb whicl continued not longer than 
SIX Ol seven seconds ol iiino Uicn poit of the sun s disc appearsd bB on a sud 
VOL r so 
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len IS Li Jii I I /u \ x c u seen in tlio i lit nay b htc ind in lli I 

e y insta t gx c a 1 1 1 1 id sh ul v tt Uin s stio i is moon 1 lit i sod to 

I n c iiluonce di Mn fom thcjcihjDn mem i tlntiho noon lus in 
1 no 1 1 uc 

7 C Pici It Ccnevi says the c sias soei luun Iho wl olo tine of 

tl c t il U 1 ( r o 1 i wli te le s \il 1 soo led lo 1 ic k out f otn I cli iid tlie 

II 1)11 111 I to i ipi s 1 1 dl sides equally ts bicodlli wis not tlic twolAh 

pa t I llic 11 oou 8 d u liter 7 nu *xatwn and Mmcmy veie seen by m u y 
n d I the 1 y In I been cle ii i lany moi o gt is niigl 1 1 ive I cen seen ind w tli 
tl em Jupitei lud Mats Some ontlowoiion m the count y aaw moio than 
16 stoia an I niny people on tlio moi ntains saw the gky tiny ii son e plico 
whcio it wis nc I oveicist os dui ii tlio n glit it the t mo of the iuU moon 
Ibo dll U on of tlio total dail no s wis tb ec i lut s 

Di 7 7 Seucu ur n at /u leli sa}s tint bodiplaiets indfxedBtaia 
woio seen tho bu Is went to cost tho bats come onto! then holes ind the 
fisho8 Bw i n ibout we e\pe lence Ian inif st Bonse of cold and die dow fell 
upon tho gi oaa Tho total d ul neas 1 isted fon i iinutos 

Di Till Li T who obsotvQ 1 this eclipse it Lon Ion liu thus given d c phec 
noinoin atten lirtg rt It i is ion mially obse ved that when the lut pi t of 
dio sun lomaiiiod on ts cost side it glow voiy fe nt and wib coaly siippoitiblo 
lo die n il od eye even thiooghthe telescope fbr above a m nute of t mo boioie 
iho tot I duknesB whei w on tho conbaiy my eyo c uld not enduio tho 
splondo of tl 0 01 10 g« g beams i the toloseopo fiom d o fi st moncnl To 
ih s peril ips two ciuses c ncuir 1 d e on d at die pup 1 of tlio oyo did ne 
cossuily 111 lie t ell dm in the dul nus which befo o lul been much eon 
t acted by l)ol n oi tho sun Iho othc that tho caBto n puts of die moon 
hiving been licito 1 with a day near as long os Unity of oois nuat if ncces 
bity liavo diat poit of its atmo phoic lepleto with vipouis ni I by tho long 
cont nued action of die aun and by co laequence it wu moie dense no i the 
moons suifico and moio capable of obatiuotn tho lube of tho suns 
boa n Wlicicis at tho aimo tnio die western edge of tl e moon h d auQeiod 
IS Ion a n ght duiing whteU time Uicio nu htfll n lews 11 d e vnpouis diat 
woio 101 ed n tho pioctdinf Ion 1 y and foi that leison that put of its 
itmospbue mi^ht bo soon much moi puio an I ti lu^aiont 
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iboDt two m ni tea bcToiotl e total nn isio) tlicicrn'iuu puttftloBii 
i I cod Lo 1 voiy f no hoiu 'whose oxUem t ca see no 1 to 1 )so tl cu icl 1 
noss ID I to bocomo loi n 1 1 1 o stv Ai d f 'Liio spico ot bout q^n i tci ol 
\ m iLo 1 sm 11 \ icce of tl e souG o n h lu of tli cl i so cci i 1 to b cut 
oil 1 1 the lest bj 1 goo I into m 1 ilxpi llloin oblo ^ si u oim Ic I 

it I oGi ends w1 h spi s n e ( 1 1 ]) oc c I f n otbe c so b t U c 
Qcq Itio ofth Dooissufi tl o o be o e clevilel puts tlici oof i e i 
Gip 1 1 on 01 Uici 1 1 ole I } wl cl ml i l o ill 1 tli it cxc o Ungly i ne 
iilun T tol 1 i,ht w i nlocilcl 

A lew s CO il b lo 0 tl 0 m was lot llj h \ 0 eie 1 scoimo I t elf lonncl 
tlio noon a lum ions i abo I a d {,it oi pcihips a tontli p i I of tl o moon 
(1 amet 1 ill dill IL w i of i p ilo i lutcncss oi lathoi po il coloui seeming 
loDcalUl tin I witli the coloi IS ol Uic /i/i ml to be conccnliic with the 
noon whonco 1 ec Deluded I wifi tlio moon 6 itino phoie But ilio 
1 e I L ol il lu ovcoedn U it of oui a th s at no jl uo md tl e ob eivi 
lions of so no who 1 nd 11 e bici Ith ol the iij, lo ii eicasc o the west sido of 
Ui mo n as tl c ei e ion i ] pioaehcd to^ U c ^ lli the eonlid y eentimente 
of llioso whoso ]ul III 111 1 1 ill ilw ys icicic nako me loss conhdent espe 
cully m i i allci wl oielo 1 gaso u I ill Ihc illcntK ii loquisile 

TVhatovu il w IS tl IS iin appeuotl i udi bi liloi an Iwh Ici neu Gio 1 ody 
ol llio moon than it a dislane 1 oi i il and Is outw iid ci cu nfoioncc wlu h 
was ill dodnod sooqiod teiimnatcd only b} tbe e\tioino luiity ol iho inittei it 
was composed ol and in ill icspccls caemblcd tho appoaronco of an eulighl 
e lod ilmo phoic slowed li ni lu but whelhet it bdongod to tl e sun oi Iho 
moon I si ill not at piesoiil uudoitoke lo dec do 

Dunng Uio whole time of tl c total eebpso I kept my toloacopo conslanlly 
1 xl on Gie moon in oi Ic t obseiic whai mi{,ht oeeu in this uncoin non ap 
X oil in CO and I saw pe xxilu il flashes 01 (oiuseation ol light which seomed foi 
i nomeiil to dul oui 1 om lielundllio n on now I cio nowUieie n ill bi les 
but moio 0 po 1 illy on Uio wesloin si lo a hllle lieloio tlio cnic ton an I iboul 
two 01 till 06 seconds boloio I on Uio same wc loin si lo wl oio the aim wa 
jusl e iming out i long and vo y miiow stiook ol a dusk} but stiong led light 
sooinod lo coloui Iho doik d c ol the moon Ihougl not) ing 1 ke il hod been 
soon im nodiilol) olloi the emoi von B it llus inalonlly vanished upon tbc fii t 
appearance of ihe sun os did also tho afo osoid luminous iing 

As to tho dogioe of datkness t wis snob tliat one mio’ht ha\o oxpeelcd lo 
liave soon roan) moio slais linn woio soon in London tho xluots Jvptlet 
Mercury md Ventu woie all Gut veio een 1 y tho (.enilomcn of tho Society 
fiom tho top ol 11 eji liouso whoic tl oy hod a f ee ho 7on nd I do not hew 
that any one in town saw moio than Capelta and Aldehatan of tho fixed ata s 
Noi was tho light of tho lin^ louud the moon c ipiblc of cflhcizig the luatio of 
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ti 0 ^lois fo t wi vastly nTuxoi to lilt of tho full moon anl so wo^ tl iLJ 
lid not Ob eivo it cast a sli do But the unde paits of thohomspheit puU 
cul lyindcsoutl east unde the sun hod a cieiuscila bu hlioss an I all 

0 m 1 s so n ich of tho segment of ou atmosph e is was above Uie ho izon 

1 d \vaa wiUi iit tJio oono of tlie moon s shadow was mo o oi less onl irhtoned 
by fho s in s beams and its lefloction gave a difiused light which mode d o oir 
Bccm hoFy ind hmde ed U e ippooionco of tho btois And ll at U is mas the 
leal cause Uieieof s manifest by the U kiess being moie po I ct in Uios 
p ^s ncai which tho contoi oflJie shade post whcie many moieatoibwoic seen 
ind in some not less thou twenty though the h ht of the iing w is to dl d 1 c 

I fo bcu to mention tho ch 11 -u d damp with which tho dm! nc s ol ll is 
ps was attendel of whi h most pectit s woio sons bl anl equ Ih 
jui^jCs 01 the once iitliat ippei olm dl so ts ol ommolb biuls beislb nn 1 

Danes upon the \tincliou of tho bun sinco oui elves coull not bcl old it with 
out some sense oi ho loi 


586 At an eclipse of tlio sun ll o d st nee between Uio conteis of tho sun 
on I moon nay be foun 1 at my time v ith a mic metoi thi s Let j4CJ3 bo tli 
ui Sits centci ^452) Uu moon M ts contoi tike die listince of Uie 
hotns with tho miciornotci then iie 1 now Ae hilf that distmce ind I now 
lag flom the 'X^Hoa, we lmoSe=y/l>A -^Ae foi the same loasoil tnow 
mg jiUfoin the Tables we havod/ =:^AU ^As home SMszSeheM 
u known If wo tliin t-ikc SN SQ ih 1 stances of tli bin ind mo n at iny 
times audcalculite the ppa nt i ot on hTQ ol the m on m ll o mtc i 1 wo 
m ly find die appoicnt Uino of conjuncUo i M du Si muu (oun I t necessary 
to subtiact i fiom die scmid notoi of tho sun i g ven n die 1 bios 
housed moidoi to 1 lake hi cilculations igieo vilh obs vitions indenon 
dently of tho diminutton of tho moon s senidiimotei by inflection ( 80 87') 

Tnoui ealcuhtions we haa o taken iho bo m Ua lotc of Ihosiin 3 las dun that 
ven in Mill IS idblcb iccoihngtoD Maskiitmi leluniniL n The 
dl tinco of die conteis may dso bo found by meisuiing d o bic idlh f t which 
liken floiiif leaves t heiia Afy=JlftH S -gt is known 

87 Ad nittino' tlic infle Lion ol die i ijb ol tho sun at Ih moon i eclipse 
wdl begin ] itoi and end soonoi ind the cfoio the dm at on > 11 bo d i inishS 
lo if A bo th m M die moon I the spectatoi I aw Tbi a tmgont to die 
Bun ind lot 1 1 ay a/ 7 bo inflect d at i tiien tho eel j b does not beg n tUl dio 
moon B lunb gets to f wbeieas withoi t inflect on it would have begun at dio 
lino Sum foi the same eason it ends boonei Iho lui ifaon howo oi ol m 
mnuloi eol pse and the bioodth of the annulus i me eobed by this catiso This 
M dll Sf joDB hoBibiiDd to oe with obseivat on 

88 LotiVim* epiesentth oibit of the end iVcidthoploneof themoon a 

dibit mcrhned to it ai ^N^Nrz:m=nt:sl\ 
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9 J ih n ( ^ ro^ ill ihc tunc tho ci U is inoi f om Plot anlfoit 

t t <) witl n the ol u oclipt c lii 1 1 nd wh IbI it moi es f n t d 

/Ion i to / itiBiiU ndelum editi 1 it ^o\l f ico jui ctoih u at 

0 1 > nou tlicnod Uicii. wllbe g itsoh ccli b t-ittbei c d g 

o]Ji ovUot the eaitli i xy uot be got into tlcli i clitclnts til ttlo 

no LoiioaiLiomt o got I j ud t le ate 1 u 1 tlit ayl pjen 

only ono soloi ccl p c and. tl ci foi n i yc thei mry 1 pj e 1 1} t\ 
Bol u cclii scs 

llic o iiuBt bo ono coiy inctoii 1 jiei i tl e t n n d id the i th i 
pwin tl oiigh U ol I o lipicl t md con eqie Illy the t «/beoic 
solu ochpso 1 vppo It CEich node 1 once the o be ti o sola ecbjoeeit 
leas! tn u } eo 

If >11 opposition h ippen just bofo o tl a cull gets nto tl e 1 imr ed pt c 
limit tlio no\l oppoB t on m ty not haj[ pc 1 1 11 the cm tl a got 1 ej o I tl e 1 iit 
on Uio olhoi bid of lilt noelo cons queiUj tl cio lynotbe >1 i eelp e 
>t llio nodo banco llioie mat/ not bo an od pso 1 d o no tl e co ts of 

ycAi V' 1 cn the cloie tlicio uo onl; twoeclpses u ye they i istbe 
boUi ol Uio sun 

11 Ihoi r bo lui ccl pse of Llic moon is soon s the o-uth gets n tl c lunsi 
ecliptic limit 1 will Lie got out of Iho li tbefoietl nextoppost > c nse 
qi ently llioi r can he only ono luuoi cdipso at the s me no Ic But s the 
lunoi nodes move backwoi Is about 19 n a yeoi tl o oa tl may como withm 
tlio lunni oclipt c limits at the same nodo > secon 1 time in tbe coutse of a 
you V id thuofoLO Uieie bo thioo lonai eebpses m a yeai a I the e can 
bo no 1 o 

II lu eclipsQ of tho noon 1 sppon at or vei} neai to tl e n le a corQUDCtion 
may happen beloi o m I oftoi whit the eailb is within the soU ed pt c 1 nuts 

1 once Uieie, mi) at e u li nodo happen two edtpaoB of the sun nd one of the 
moon ui I in U IS ciso the ocUpses ol the sui will be a nsU n I th t of tl e 
moon luge Ihus whoii tho oeltp es 1 oppen t ci h node only one the e 
m \y bo SIX celqnes in a ycai foui of »h ^ must be of U e a n and two of the 
moon But il is in tlio I lat ease m o 1 pso diould 1 ppeu at the i turn of 
ilie cniUi wiUiin the lunoi ecliptic lim ts Utbo amo node a second time with 
in Lite yen tlioie may b ix ^ip ea tluee of the sun and thioe of th m n 

Ihc ( ly be seven e lipsesm a year For twelve lunataons lopeifo med 
nd 4 liyi o in ctevon 4l lys less bmo than a CO roon year If theiefo e on 
odi])so of the sun sli aid happen bofoie J uunry 11 snd thae be at tl at and 
at tlio 11 xl nr de t vo olat and one Innoi eclipse at eacl node then the 
twolfUi lun ibon fi om the fn si cclipso wiU g ve a new moon w thin the yfioi and 
(o 1 accoiitii of the leiiog ade motion of the moon s lodes) the ea th may bo 
got wilbin the sol u oclipUcr houbs &nd thae may bo another solu eclipse 

r 
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Hence ^lien tl eio aio so\cn cob] aca u a yen fve w II bo of tbe aim and two 
of tiic i loo 1 riua a p n si 1 1 s taou th it Iho fl at ocl j so is a s 1 ouo but 
f the b st eel 2 so 1 oi 11 b U ai of the ii oon in I \eiy neai ihc begin iii of 
U 0 ^0 1 ll 010 ni be th co o 1 psts ol ilic noon and U u of Uio sun 

Aa llio c 010 bi t seldom aevon cebpsos in a yen tho m m uumboi, will be 
about fo u 

Jfhe nod s of tho moon move backw-uds about 10 in i j eai which aic the 
oaiLh doacubea in about 19 days consoqocnlly Iho mid lie ol dio aoiuous of tlio 
ecbpsca h vppons evciy you about 19 dija aoonei than m tho piocod ng ycai 
89 lie echpUc liii its ol the si n ( 60) aio gicntoi than those ol tl c moon 
( a) aul licnco thoio w II bo noic aolu thm lunai eclipses in about U e 
me 2 lopc lUon as tho b i t s g cato that is os 8 2 nca 1) B t raoio lunai 
tlnn sol i ocbpscs uc see i it ly gnon 2 1'lco boca so liinoi cclipso is vibibl 
to i Mliole hemispheio at 01 co Mhoioos a sdai ocbjiso is vis bio only to a pait 
and thoiofoio Iheio is a gicatei piob^ lily ol seung a lunai Ui m a soloi eclipse 
Since Uic moon is is long aboio tho hon/on m below ovoiy spoclatoi nny ov 
pcct to aoo half tlio nuinbet ol lunai cdipscs which happen 


2o comjittie the Tune qfm Occuliatum qfa Tived Stai li/ iltc Moon 

90 raid 1 om U e 1 locopls ind Tiblos (given in tho co j so of U is woik) 
dio appaioiit longitudo uid 1 1 1 ulo of the stoi it th time wh i in occult it on 
IS expected 

91 Compute (as will I ex2 1 ii cd u tlio Intioductim to tl c 1 iblcs lu the 
fluid Volume) Uie tunc of tlie memi oorgunctiou and ot th it ti lo U c moon 
tiue latitude then (occoiding to M Cassini) if the diflUeuco of tho latitudes 
of tho moou and atoi exceed i 97 thoio cau be no occultiUon but j1 Bio 
diQcienco bo loss than 1 tlie 0 mi st bo one somowboic on tho oa Ui hcnco 
between l 37 ind l it is doubUul 

)2 Compute tlio timo of the tiuo coiyunction Horn that ol tlio mcin don 
tho moons tiuo longitude it tho mom coiyuuction ml tshimy notion 
But if bom tho oquatio 1 of tho moon s oibit it appea tl it llu ic is i c( ns Ici 
able intei V il botwoen the moon and tiuo coqjuuction it will lie bcttei to i lume 
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1 me t 10 nci is you cm cot jcciu o to tl o liue conj ncti i t mIucI time 
comi i te the n oon b ti i long tude 1 1 1 its hoi i ) motion in 1 then I y 1 1 Ij 
(he 1 0 iiy mot n yo i w 11 et the 1 1 o of the tine conj met ot to gicat Ic 
(,icc ot iccu icy wl 01019 1 m tlio co is do iblo vunt oi f the hoi uy nw I n 
it iho c lu SL 1 i few houis the ti no of tl o tiuc cot jui et o i fo md in U la mu 
0 f )i 1 U 0 n 0 m 1 1 on tl c it 1 a co s dci blc w 11 be aubject to i p o 
poitio il dc o of o li th t o Ion t do be computed f m the Xibl s 
cioiyUiio t iscd tic Ub 1 occiionfo th a issi npti i of aneier 
tine bulb} the isa i^lion i ii } cUe avoid ace tan dcgice of eiioi 

0 the t ( ublo of CO np 1 1 tl o lon^, t lo oj, i f o n the T ibloa If at the 

t mo of U e tl o jut et on tlio moon a 1 1 o lat tudo bo co npute 1 and tJio 
diileicnce I etween ti lattudc ml dial of tho stai exceed l 19 thmo can 
(accoidin ti M CissiNi) he no occiltabon but if it be loss than 1 7 

thiio mu9l be ono honce between l 19 and 1 7 it is doubtfil It being 

Icle mined that tlieic miybo m occultation wo i occed tbna to commute 
it 

99 Ilav nf, foun I at tl o ti no of tho eel pt c coi\]iinciion tho moon a tme 

1 1 tud I loiaynot ) nloi tud anlitstii httude compute ta ho 
1 uy motion in ht lu I dso ts poi dlax m lalitudo an 1 longitude (as in solax 
( clipsOT ) and its sc lu h imelci 

94 nie pai ]h\ i lonj, tu lo at tho Uuo t mo of U o ccl } ti conj inction 
slioM tho appucnl distnce ol the moo i liom the atu in lit g tudo and Hie 
p iialhx m 1 it tude ippl e I (o (1 o liuo latitude ^ vea tlie appoient 1 it tudo tho 
1 11 iineo between wl leli uid tlio stii s lotili d givostheii appaient diffcience 
of hlitu les and if this be less than the moon s acmidiamete tlieie will pioba 
Uy be in occultation n iihieh ease we piocecd tbua to fmd tlio time of m 
inoision iiid cmeisio 

J lo find nea ly Uio time of ll e appo) ent conjunction say as Uie moon a 
lioiiiymotim tl cpiiollav in Ion tude l bom Iho time fiom tho t ue to 
iho 1 p 11 enl coiynnct on ncoily wluch added lo oi subti ictc 1 f om tlio time 
(fill tine eonjuuetion aecoid iig as Uie mool i to Iho west oi eaatof the 
noni osirailditiee g voatliotmie ucailyof tlic i patent conj unction If at tho 
tin e ol tl e ti no coi^junclioo tho difle once of (ho npp i ent labtudoa of the moon 
on 1 St u jlioul 1 be veiy ncoily equal to Uio som di imotci of tho noon it will bo 
HOC ssuy to computo tho diUci^co at (he ippaieut conjunction in oidei to 
be sute wbetlioi or not Ihoio will be an occultation 

11 t Uriit b tipn duti diif 

tm ll 1 U l fU 1 yml ( gtd bt t 7) 

t y V ly tU pp Um f j to d t in alytUlm f 

fnyn d ID 
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ON W OGCULTAnOK Or V n\ D BY IHr BIOON 

96 It be 1 Ibu d tl at th o w 11 b 'll! o i It lUou ^ c must 'iscaii'i u n 
noaly asiossibl Ibo be n u t lenl foi tl juposc tlic libloatthi 
end of tl IS sulj tsvoyusfl l s const i etc I ii d co lutodbyth Rc\ 
MuAcnr IIircniNS i nfcnacm in wdl convois nt n tl c tl oiy -indpiact ce ol 
Asto y vl Indllo oodicss to comm m tito tto mo wth loim ss on to 
p bl si il ts consUucton u d use wo hillh oexplun 

J1 LctCbotho ontoi of Uiomooi I M tint diam tu wlitl p nlld 
^ ^ to tho ocliptio ri to wh ch d iw dCT poi pc i licul u let vw i j i scut llio 
j nth of tl 0 st i beJund tho i oon 0 tlic plico *it tlie ippsioDt eel j t c eon 
junction 1 it tho immo sion md c it tho cmoi on sssumi. a po nt a little 
bofo 0 tl 0 n uieision and I aw » t pniollol io J M end iam tin pcipen 
licihi to LJ i secoudaiits to tl 0 clij L c md p u 6/ (t 1 1 1 Ct d w 
siso ; p 11 illel to 7 J\I and ) )in Co Now tlic const ucUon of tl 0 1 bio is 
to op Qs nt tl 0 viln oi t coi 0 jondn to luy se udjimclei Ct of lJ c 
j lOon ind to <in} diflci once t/ of Ui ipp i cut 1 ititudca of tl 0 n 001 nd si i 
byontcun w Ui Uii. foimu tlio hcil of the liblo nnlwithUi littoi its 
bide 

9 JJ lo flul nculy tlio bino of munois on and enoiaion w Ui tlio moon s 
otnid in etc ind Uio dill lonco C of Uio app uent labtudos at the ippsient 
coi\junction entci tho I iblo nndit ivos 0 and isn* mal esbut a Bmallinglo 
■wiUi 0 xo IS geneislly neatly equal to / and also to « talce the efoie tho ho 
uy m >tion of the m( on and find Oie tin 0 of dcsoiibin xo nd subtioct t fiom 
ind odd it to tl 0 bme at uid it goi oi illy give tho bn of the bej^innint, and 
Cl d Bufflcionlly no 1 foi ll puq osc 1 ci n i ite II ° 

99 Bj sp] 1)111 tins Rulo lotus i pposo tint it gives the beg nn ng at r 
1 isloi I of/ i II buc 1 ng lude u I lit tu lo ol the moon at the t no of ih 
b no coqjiinclioii bora k lown ind thui hoioiy mobons find ila bue latitude 
and lo i^ibulc at tlic nssiimod 1 1 0 of bo inning and to tliat bmo compute tho 
poi ill ixcs 1 (17s) lu 1 itUudo and Ion itudc md ipply tlic u to tho buo labtude 
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and long in 1o and ve get tl e app*! ont htttudo aid loigitude the d ffhicncos 
between whicl an 1 the appoieni latitude ail long tudc of Uio at g ve tl o 
api oient list nee of the moon f on tho otu in 1 vt tude and 1 i gitudo oi they 
givo a anddm also cos Cd api lat < dm^Ca bonce Oi=^Ca +« 

IS I nowi u d li tins be eqiud to the i oot em b mete tl e ssu ed a tl e 
tiuo t 1 of bog nning if ; atet tl o occult tion hasii 1 1 ken plico iCkss 
ith 

600 W tl tl 0 I fie enc ( = ft) of a]]a onllitit dos ail tl moon a ae 
nudinoleiCt tol c o t Ct ho tie Iiblea an I wo get /a=Caw>^C/ lonce 

oc ipp lit IL ta—mi an If on tlohoia y motion find tho hme of de 
ac b ng flin \ 1 1 1 1 1 Ic 1 1 o subtt icted f om tl o aboi o assumed ti no of bo 
gini mg will give veiy nculy tl o tiuo time of beginning 

601 1 tbiB timo bud is bci le the appa out difioicnce (d) of lahtu lea 
and appal ont dilll once (D) of loigitud a at the moon whence we get 
s/l> vd =#1 die appaient d tonco of tho ata flora the moon a ccntei f tins 
dibtanoo be e/uo/ to tlie moon so nidiom to tl la second assm icd time la the 
time of tlio immci ion if 1 4 d i tl o occultat on bos not taken pi ice if leu 
tlio irame sion is piat If thcrefo c tliia second as ume I time be not tiue wo 
piocood aa in Alt 7S and siy Oir^m Cin-m dio mtoival of theaasumod 
times tbo inte val botween tl c second ssumed Umo md tho time of the im 
moimon Uiis intoivol tboioloio appbed to tlie accond aaaumcd timo givos Ibo 
timo of tbo Imma ston 

rhe time of the Lnuiston la found exactly in tho same mannei 


rXAMPLl 

Tojind llie Jinu qfHe OccultaUon qf Aldeboian Irtf ffie Moon 
on Jamtaty « 179 at Gh aertmeh 

Hie appaient longitude of Aldebatm on Jonuoiy 8 179 la found to be 9 
6 3 and Its lat tudo 28 o aoi th 

Ihe time of tho mean copjunotion la at 9A B s at which time the dif 
ference of tho moon s and stoics latitudes is 1 1 oonaaquently ( 91) Iheie 

may be an occulUUon But horn the equation of the moon s oibit tl e diflh 
lenco of the times of tho mean and tine coiyunct on will piobobly happen five 
houiB sooDoi ) let us theiefoio ‘issumo 4f/i at wl ich tuno the moon s tiue lou 
gitudo IS found to be 8 6 47 4 and ta hoiaiy motion 3 89 beq^ die 

time of the hue echphe copjuncUon of the moon and Aldeba an la ftuda io be 
8d 13 81 moon time flom which siibtiact4 41 the equation of time and 
VOT I 3d 



W \N OtCUUVUON OF A II\ED SI VH B\ Ijn, HOOK 

we j,ot tli 0 t ue ed pt c conj ncUo i at 17 8 40 appueit time at whi h ti uo 
the loou 1 1 o ludo ib 6 S 

At il 0 ti 1 C f Llie t uc coijunclioi the moon s tiue 1 t tiido j found by cil 
iihto I be 1 S{ s ith nl t ho i y n otion in 1 ititudo is 1 s dceici 
11 o lo do 10 1 hdi/onlalp ii]h\ uG e iw hi found to be 9 10 
11 1 ho ce (11 ) die i ii dl \k m Ion undo is J 17 addtUie to die tiuo to gol 
tho pp-iio t lo ig tude die Blu being io the o^t of tho nom es mil degice 
Uio tho pu Uhx in lit ludo is 48 1 m ic isiu^ tl e t ue liUtudo TI e boa 

ontil Bcnudnmetoi ol tlio noon is If li wl h incieascl by the aiig 

Miontition of tho semidametoi on iccounl of tie moons altitude gives 16 

16 f d c ipj i cut sc mdi'iinotoi 

1 he pnll IX 2 J 1 7 ii loi tii le ( it tho dmo of tho I uo conjunction) shows 
( 91) dio moon b ippiiont lisUince £ on die stu in loi gitu lo and tho pai il 
1 w 48 4 m litiLii le pphe I to d o tiu lit t ide 4 3( ^ vea 24 4 foi die 
moon H app-uent laliUido wh eh difl i horn 28 o die st-i shdludo by 
4 46 whidiben Issdinilfl 16 Uio moon s •ippueul semidi-imetoi th le 
will bo an occulHiion 

To fad ( J )uei ly U 0 tinio of Uio ‘ippaiont conjunct on siy $ IJ 20 

17 1 houi 19 18 die time ncaily between the tiuo and Uio appaient cou 
junction and IS tho moon IS to tho o£ Uio nonagosimol logioo Uia sub 
ti ictod liom die timo 4A 8 40 of theli le cotyunction 1 aves 3/i 19 22 ioi 
Uio time ol 11 0 aiip cut coryuiicUon nea ly 

With U e noon s se iiidiameUn 16 16 and U c diffcici co 4 16 ofU o stai s 
nid moons ippueiit latiUidev onlmUoTLable ud it gi es o = l S2 
ficncp 9 J 1 92 1 houi 6 J a hid sibl acted horn ind iddod to 

9A 11 2 i i 3 18 £oi Iho beginning onl SA 4 31 £oi Ui end 

ncaily 

Xlioi 10 long ludo o£ the moon at 47/ 8 40 be ng 2 6 j ondUie 
ho aiy motion 3 89 Uie tiuo longitude at 27/ j?3 IS is 2 6 10 41 uid 

tho p uoUax m long tudo is 23 49 heneo the ippaiont longitude at U at Umc 
IB 6 30 27 whicl subtiactod f om 2 6 5 a the stoi s long liide 
gives 16 8 =/7 /b ioi the appa ent diileionco o£ longitudes of tho moon and 
stni which uulLiplied by 0 99 (the cosuio o£ iho moons a} poient 1 it tude) 
gives 16 4 = 964 nOt Also U 0 moon s due Iititude it 17 8 40 is 4 
36 Slid iho hoiaiy motion m htiLude bo ng 1 decreo&ing thol lelobtudo 
at 9A 36 13 18 4 37 and Uio poiallax m latitudo being l 27 the 
patent ladtu le is 29 22 which difibiB Horn 28 0 U e stoi s lat tude 

by 32 =ra hinoe) v^9W”+S2 96 =* 10 3 scr which is less than 16 

16 the moon s appment senudiametei By li ^ thoiofoio the occultabon at this 
timelnubt have taken place 


1 
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Witli a the difl loncoofUioappr citlxttudCT'iul 16 16 tlie noou c 
ntli nelo cnte tloi'iblo ud wo gel 10 l Uie lific encc between wh ch 
iir (=ai6 4) IB la=\l ilo tine f dcsoiibmg wl id is a2 wl cb 
sul I fiom S/ 3 IS cnvcB AS 1 foi the noxl ass imed t lo ol 1 1 
moH on 

At th 1 1 me wo f nd (exictly as wo fou I tl e s me fo the d st snitne I iimo) 
tl c did lonce Ca f U moo pp t lo ^ I lo nl th t of tlio lat t U 
icon to be 16 18 =978 vndUioddt one f<io( Uio api i nilattudoalo 
bo 3 leuce ^^978 i JJ =079 =16 19 =C/ \ bich. ib giealci tl i 16 
16 by Bcq ic tly Hoc iltil > i hi ol I 1 on pla e 
IIonco(()Ol) 11H3=11 8 22 winch iddod to 2/* 1 gives 

III I 6 ioi U 0 U nc of Immm sion 

AlsA 4 31 tho oBBiimod iim of the onoi on conpiito qb bofino the p 

paicnl 1( ngitudo and 1 lUUido ol Uio moon and we find Cu — l 44 =944 (a 
now lyin on tlio othei aide of (?) in la; =3 J =179 honco y/944 H 179 
=961 =10 1 which M loos Uim 16 If by 1 consequently tl e emoiaion is 
not yet a i vo I 

With 179 LhcappiicntdlTi nee oflitiludos md lb 16 tlie moon s somi 
diamcloi ontoi the 1 iblc end wo ct IC Ih lidoionco between which 
and (flnl 11 IS 1( Iho tino d Icsiiibin wl cl is 3 wl ich odd 

cdloSA 1 Jl gives 37r 1( 8 f< i tho iicict ihsuiuo I timo of oniuBion 
At tins tm compute asbofoic tho appoi out longitude ind UUtudo of tho 
moon and wo find 16 3=968 undo; =3 9 =179 honco ^663 +179 

=977 =ir 17 which IS gioatoi than 16 16 by 1 confloquently the emei 
Bion has id on place 

llonco (601) 1 +1 =10 1 33 3 which subtiocte I flom 9/i 40 3 
lo ivcs 8/i 46 1 loi iho iimo of 1 wenm 

Uenco tho appal ont times it Gioenwich no 

Xmmoiaion 3 3 f 

LmciBion 8 46 i 

TDmotion o 5J 

Ihe timos thus colculatod must be sutyect to the eiioi of the Tibles is lU 
eolsi cebpBOB but m sooiewhat a less d^see as the homy motion cd the moon 

11 q tly in U U t fw Iqn d tl tl Ipl b f w f f 

1 b ; I Iw Idmk 111 dlT g U d to U f 1 Wlty |t 

I f d g lyd ( fd m n 
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m leapect to the stoi is catoi U in that n lespect to tl e sun IIci ce Uie 
CO npute 1 1: noa complied th tl o time by obsoivit on iff I the moanb of 
collecting the Tibles 

Hie immeiB on it » is ibout 80 noilh of the moon s centoi ind tho emci 
lon It e 18 ibout 3 noiUi 


To deta) nune by Constiuction tJia lutut of m Oixvltation qf a Tned hta) 

1j die Moon 

602 Iho moonslititude and lon itude bein computed foi the tiuo tunc 
ol coiyi notion and tho hoiiuyroolo of the moon in lit t de ind lon itudc 
find the liUlude nd longitude Ibi one houi bcfbie oi iflci iccoid ng is tlio 
occulta on h ppens bef lo oi iltei X ko Iso the stu s lititi do ii d dechn 
tion ind hud (lO tho time of pissing llie ndbiidi m h id Uso U o moon sc 
midiimetei and hoi i7ontil pn dlix Now it is mindcst th it tl o sin may be 
used 18 the sun only mstei 1 of 19 upon tho ell pse we must y it tho houi ol 
the stii a pisaage ovei tl o moiid ui and is the stoi has no piiallas tlio iidius 
of piqjection will bo oqual to Uic moon s hoiizontd pmiHix Hence wOh thit 
no ndiua do8<J![ibatho somicucle TQC oicct QO pe pendiculai to / C find ( 80) 
146 the posiUon of tl e pole 1 ind doaciibo the olhpso foi Uit htitudo ol tho plice 
ind decliuot on of the si in I lo find tho moon oib t t kt Or cqu d to tho 
diffbionce of tho n oon in I stu lit tu I it tli t o ol tho t n co juncti i 
and t ilco ilso Oa oquil lo tl o moon i li i y moti n i 1 in tu Ic on 1 1 iw tij 
poipcndicul 1 to ZvC in I ciuil lo tho liilcioi co of tl o ^oo is ud stu s hti 
tudo It ono horn horn conjiinclion ml tho Uau,ht h lo MjvL w 11 icpios nt 
tho moon & oibil Ihon with ui c\(ont of compiss cqiiil to tho moo i s nf.ini 
dnmotoi find two points c and d mi koil Ihc simo in t nt ind it gives tlio 
tune of immersion find also two oUici poii ts s md / denotii the si 1 1 po nt 
of time ind you hivo the litno of crac sion ilso if tho n iicst d slinco nt of 
the coiiesponding points of time ho tikcn ind mo'lsuiod upon the scilc t will 
give tlio ne nest dist inco of the sin lo tho moon s ccntoi in tho tirao of occul 
tition 

Ex To const! uct the occultit on which we befbio computed 
cot^ unction was It 4A 8 40 in the t mining niongitudo9 6 3 Uio 

moon s ladhide was 4 36 S its hdiity notion in longitude 8 89 min 

lititude 1 88 demeisin ts som diiinctoi wia 16 10 ind hoi /ontil paiil 
Lix 0 16 also iXlde^oAslatitudo wps 28 o onth its dcohnafioti 16 
S 6 and It pissed the meii bin it 9A 29 24 in tho ifleinoon llonce lake 
(X?sw9 16 find ( 86) the polo P it tfic given tuno and desciibe tile ellipse 
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(bi (1 0 I'll tu lo of Giec ivi icb and Ihe sta b led nat on and at the point n mail 
)A 9J (n krl n tle 21 ) be glhetn when the ata co nes to the meii Ii 
an iilioil 1 Mdo tlic cll poo 1 to hou b nd sub Wile then is fa 1S30U 
c in convc 11 Uy 1kO = a Ode difieienco of tl e stoi a and inooi s 
1 ititudo at the timo of conjun I on nd Ot :=S 39 th noon b hoi u y motion 

1 lonytud nd eicct the poiioad culi a^=£ 1 1 (ihe moon s Ht tude 
dec casing l 3 in an hou ) I aw tl gl t line I/ti/M 1 1 i w 11 ep esont 
tlic moon a 0 b t ai Wj/ its 1 o y not 0 1 i i it tl p int 1 1 4 . 7 i 9 ai tl 
tj/ picscnt 1 g 1 0 1 oui Uvidc J 1/ nt 1 is 1 m t oi d sul d v de L b i 1 
1 tlcBdl a 11 pc at nltliig oxtci t of onj ss eqi d to 16 If tl e 
no)U sot I in t ilwUgv tloi ints c d con c pond ig to the t no of 

I nmci uoti an I tl 1 0 its j t co 10 ndiug to the ti ne of 2 /flie/ fo» lud tl 
coi ( [ondin uciuosl distance is found to bo neuly 9 noiUi of moons 
cciitci 

60 S Wbon an occult hon ol ata by tlio moon takes placo fo tliioo 0 
foul s con Is of tmo bolo 0 tl 0 aloi lisipp ais il aomelinoa vppcoia to bo 
pio) ct lupondc lisc of tlic noo M lu Snjouaoxpli nathc phtnnomonon 
thiiH Lot S 1 c Uic stu bmn Uio 11 on ah. (he p issago ol i lay of light tluongh no 
the moon a atmo pi u ind just piss n,, by tl 0 1 mb if the mooiyat let cJj 
bo tho dll clion ( 1 tlic ij iltci it omc cs 1 om iho itmc phuo an I pioduce 
Tc lo s llicu to 111 eye iti tho at u would ippcai at 1 but at tho aimo time 
a lay of hght Aom iho moon s hmb at d woull bo lehoctod thiou^h ic and 
Uion move to P md appoii olaoot » thua when dio lay 6 f light which comes 
fioin tlic at u I ( coi aos i tongonl I the moon tho sta at th it It no appears alao 
to be in c n lai t witli tlio moon Iho lof action of tho atmosphoie dono thote 
foio la not sulhcicnt to account fo this phicno nonoi is somo Afitionomcis 
hive sup]>oflol But if tho 1 ght Aom Uio stoi Bufloi i liAoicnl dcgioo of 10 
fiaction Aoin tho solu light idractod Aon d foi inatanco if Uio stai be highci 
than the contoi of tho moon an I tho lii icUon of the light Aom tl o moon be 
gl caloi til m the 1 I iction of Uic li^ht Aom Iho toi Uio point b being elcv iLtd 
b) 10/1 iction mo 0 Uim the atoi the atu will appeal upon Che moon a due bo 
foio Iho occ dtation 111 es [I ice Oi tho some wogld 1 ippon if Uio atoi weio 
lowci tlian Llioinoon s cento and Uio id action or tho light f om the aim tho 
gioatci 1 10m tliG d 11 ent colou a of tho 1 fiom diffoient ataia he Unuka 
we miy idtnil diflcicnt lo leoa of icA iction of then hght Lho iiadiabon of 
Uio 1 gilt of the sta a by which some have ootgcctuied U ey might app 11 lo 
eiicio idi a lilUc upon Uic moons hmb befoie they disippooi would ho ob 
scivos aAcet ill btoia ani at aJl alLiLndcs whoieas Una ciicumatanco does not 
dw lya tal 0 place Ho atalea howovoi this objection to hia hypotheaia that ti e 
oho laUon ofhghtfiom all the BtaiB appeal* Aom obseivation tobotheaame and 

4 
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theicfoic Iho velo t m of U oti light most be oil oq lol consequently Uio 1 {,1 1 
fioi illtl Bt 1 B flet tlo same 1 of icton adnutlin IhUtZio 011*101100 dc 
pen la ilto etl e 0 tl e \el c ty ol tlic ligl I But ihcio havo been o ily a few 
ataifli 1 ose ibo 1 t ona 1 ave 1 eon dete mined by obaoiintion ind wo “uo not 
aa ed b U i eomo sla b a diffeionce in thou ibu ibona might bo lound 
lutu 0 AflUonome 8 nay boUIoUus 

001 lunai edpsea oio uaefbl ftu fndmgtiiolon itudca of places aoln 
ed paoa and occultaUons aieuaeiul foi tho aame puipo&o and also fin coiioel 
mg U 0 oiioia on the lunai 1 ablos All thoae things will be oxploinod when vi i 
beat on the molboda of finding the longitude 
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S/ow<n^ tie 'o ilk Dtffetence o/IaUtulea between the Moon anJ tv at tie 
<SAn at (he instant fUe Slot a Tnmweion oi Lmetston in Occullattci e 
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( 0 SoraotLmc^ tho pl'ueia a o ool i led by the noon t 1 e calcul t ona of 
wild a Q n i Iq in ibo BAine mannei *10 fo tho aim \ fixed cons den g 
ilio 1 cl lUvo 1 o ly motion of the moon 11 j B£ ect t the plwet in lat tude and 
longil 1 lo in 01 do t pet the olotiye oibit 

(Of I J 0 pi uiets sometimes odipae the planets Mat f eel j aed Jupit t Ja 
nuaiy 0 l 01 Venus eel psod Matt Octoboi 8 1 90 Me cm j was eel pa d 
by Vam Maj lY 1737 

607 Tho fixed ata a u aomel lies ed psed by tl e pla eta GAascmius ob 
au ved JujMte; e 1 pee a fixed ta i tbofo tot Cenii Decemi e 19 1688 
Mr loDNi obsei el Juptfet e Ip f G nwu No\ nbo SI 1716 the 
middle ot tlie lcI 1 so was at 10/ 1 1 ti 2 ant }io 3 O In 1673 Matt 

eclipse I one of U10 1 1 a m Agtiaiui V nut od psod the Uon t Hcatt i 1 74 
mil J8 Tho fxed stoia aie also obse yed t be som t mes echpaod by 
( on«?/» which ut voiy uaoful obacivatioiu as tl oy so vo (0 a co tun very a 
cti flidi Uip place of the comol 1 


9 


3 B 


VOl I 



CHAP \\^ 


0\ nil IfiVNSll 01 MLRCURY AM) VI MJS OVIR [III SUN S Dl!>C 

All r 08 ArA HI N Di Il\nc\ wat at St Helen*! U ei lo wcnlloL lie 
puq osa oi i ol ng a cat lo^ue f the st*! s n the south in I e itsphe l he ob 
nc I *1 1 ms t of Metewj o ci tl e sun s di c m 1 by mems of a |,ood tul 
cop it “ippci d t ] n t] tho coild dcteii ne the tune of tl o ii giess md 

0 ci> ! tl )ut ts boia; s ibjLct I a i ei oi f l ipon 'which h i unodiato 
ly CO iclu 1 cl tl it the si i s pa iIJ t migl tb Iteiiiilbysuhob civnlions 

1 i tl c d flo ciice of tl 0 tin of the t aisi^ovei tho sui it diff itnt places 
uj on the ii tl s suif ce B t tl is bfie oi co s so all in Me c y that it 
woi Id lei dci tho co icli sion subject Lo a gi t de i e of inacci icy in Venus 
hoooye whose pi 11 1\ a nc lyfoi ti'nos gicat s U at of tho sun thcie 
1 ill be a VC y coi idei ible 1 ffUcnce between Iho times of Iho t onsita soon 
f om cl deientpaits of die ooith by wl ich tl e *icciiacy of tl o conclusio i will 
be p opoitio ably nc eased Tb D dieicf e pioposcd to dotcimino tlio 
81 u s pa ollax f om tho t ai *> t of Ven a ovo the si n I c obsrivc ltd fiftionL 
places 01 til ei Ih nla t & otj obable that h 1 sellaholllv to 
obaci 0 tl e loxt t a s t wl el hapj ened i 17 f 1 n d 17 f J 1 o vc y nc iJy 
lecommon led iho attenhon of tl c to the Ast oion i wl o sh ild bo alivo 
at that tin e Aationoneis weie the cfoic sent f om I n 1 nd n 1 nan o to 
thorn stiiopeipnta f tl e ooith to obseivc both d oa tiin ts fom tlio 
lesult of wl ich tho paiollav his bep^ dete mmod to a vciy giciL dc^, co ol 
occmacy 

609 K iLEB ivos ihe fi t pe son who p edicted (Jet a ta of Vonus and 
Mmcuij ove tho bud a disc ho foietold (Jio ban it of Mcicu y in 16S1 incl 
tho tl na ts of Venus i 1011 i 1 176I Tl 0 fl at t no V ins was ev 1 soon 
'npon tl e sun w s thojea lfS9 on Novombe 4 t II )olc iicoi Livoipool 
by out c II tiynon Mi Koa o\ a bo was edu ated at Fi i uel Coll m 
fl IS Uiive s ty He was omploj c I in calculat an Fj homei f 0 n tho 
loMihei^e Xables which ^avc at the coiyuictioi of Venus w th U 0 sun on 

II J) II 1 l 1 tl tb; t It} u 1 c* glib 1 \ 

U tytUiOOUptfthMbttJb l lUl ((Ml I 
I bl I 176S 1 IhlU im r I t f (I Imb T I b d V U oH 
I 1 L tl t d g r I y 
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th it d } its 'ippuottt laUludo 1 « tlien the sob idi'unttci of tlie "bu) DuL b 
■Uit L Xol lo9 hid so often doceivod him I e coDsullo 1 tho Tables constiuctod 
l>y Ki ] I LB liccoi ling to which the conjunctioa would bo ‘it 8A l a k at 
■Miithestu ind tho phuet s htitude H 10 south but ftomhiowncoi 
lect ous he (xpeolcd t to hippen at 8/ 7 i if Tilth 10 south ] Uludo H 

stceoidiugly gave Uiu lofoimation to 1 w f icid Mi CiuDrar at MiucUostei 
donuiog hun to obbcivc it iud ho hinseli also p op ed to m iko obs ivation 
upon It 1 7 timiuiUiDg the suu s m'lgo t]i ngli a telescope into a d k ebam 
boi lie dosciibed % cuclo of about siv inches dia ictei m I di\i led tl e c i 
ciimloicncunlo 860 ill tl e chi icte ilo 120 oqu I juts iid ca sed the 
sun B imi to fU ip the cii lo Uo hog n to ol seue on ll e 29 1 and ic 
pcfitod hia obscivations on the 1th tiU one o do 1 irlie i ho was unftitui atelj 
called aw i} by business but lotuuung at If ofloi tl a o clod he I od th 
hatisl iclion of sooin Venus u) on the sun e d sc justalioU^ cnteiodoithc Icll 
Biclo so Ihit Uio limbs pcifecQy co ncidel At 8 oftoi thioo Icfomltle 
til (All c of Vtnus ftom llio sun s ontei to bo 10 80 i»d at l ofte tlueo 
bo louii 1 it 1 ) bo 18 and the sun soiling at 0 ftoi 8 o dock put on ei d to 
bis obsciviUons liom thcHo obsoivitions Mi IIobbok eudeo owed to co 
2 eet some o( the elements of the oibit oi Venus He found Veu is hid enteied 
upon the d(BL at ibout 0 80 horn the voilo. tow u Is the light on tho i mg 

•vvbith by the teloscopo wasinveited Ilomoisuied the diamctei of Venus 
aiid/nind It to be to (hat of Iho sun as 1 12 80 osncii is bo could inojsiue 
Alt CnvniAU on account of llic clouds got onl> one sight of Venus which 
\T is at s/i 49 Ml UonnoT wiotoa iiutisc onbtlod Fentu m ^ol vtsa 
but did not live lo publish it it was howovci afteiuaids pubhdied by Hnv 
jius GAfcsnups obscivfld tlit bans t of bich happoiod on No 

vctnbci 7 16 1 and Uns t as the dist which had evoi been obswved he 
ivm lo bis obfioiiationB in Uio nine manuoi tint Ilonnov did aftoi him Since 
bis time sevci yi U insils of Me cmy 1 ito been ob otved as tl oy h quei lli 
happen whoa is only two iionsits of Vonus hevehajioied c the t ne 
of lloiuioa If wo 1 now Uio iimo of the bans t at one node w« can deter 
minr in Uio following roaonci when they wiU piobably happen again at tl c 
same node 

610 Iho moon timo ftom coqjimcUon to coi\)uoc(ion of Venus oi Meiou y 
bmng known (824) and the time of one mean coipuncbon we shall know the 
lime of dl Uip ftUuio moon corpuncUoDs ol Bervo thcrefbie those which bap 
1 on no u to the node and compute tbo gooccntiic latitude of the planet at the 

n iir ll I 1 tl y I d 71 1 (1 1 t lilt 

i| til III 1 b I if I r at \ Ofi F I p u I di} 
J) w 

s 



Ub 


ON lire lEiNin. o\ MiBouaY and vunjfc vlb in hje 9 disc 


ti no oi coi\j ncUou i \ hich 1 11 if it bo low tbin tlio appeient semidianietei 
of tliQ s I tlio 0 w 11 b a tiAiiut ol tl 0 planet ovc the bui s disc nd we my 
let i 11 8 the 1 uiodi wh n 8 icb coijinct on I apj ci n the foilowin min 
nc Jet 2 =Ucpciiobc ti o of the 001 th tint of Ve ua oi Meicu y 
N w ll It 1 Ui iBit I xy happen igam it the Bime nolo tl c ci th must peifo m 
i coilo n mu boi of co nplcto lovolutionB in the soi e ti n th t the planet pei 
foimb i ceiti n min boi loi then they inu t come ito coij nclion \,nn at tho 
snni po nt of tho t uth b oibit 01 iieaily ji tho si no pos Uon in lespect to tlio 
nod I el tile onilh poifoi n x leiolut ons whilst the plonet pcifinms y lovo 

li t ous ti oil M 11 P —j)j th lofoic Now P = 86 2 0 ml fo Met 


cwj/ j — 87 )G8 tlieielbio — — ^=_?!L.^ = (by lea Ivng t into is conti 
null IncUim) X i2 ^ &c llu , I 0 7 i as 


4( &.C lovoliitiom of the culh oie nca ly equal t 4 2 29 i 187 i)i 

&e evol tions of Mueu y appioichin^, neiioi to i atite f equably tlic fb 
tliei 30 igo Iho f t poll 1 oi tint of one you la i ot Bufhciently exvct 
tiic poiiod of SIX ycua will BomeUmos I ung on o etuin of U e t ouait it tho 
vme node tb it of aeven yems moio f equontly th t of 19 yeoia still noiefie 
qnontly ind so on Now thcio w s i t nut of Me cii y it its dcscen In 
node in Miy 17flf 1 onco 1 y continii illy id1n07i s 46&cto 
It you got 11 tlio yei s wl n tii t in t i y bo oxi ectel to 1 ippen t tint 
n< k It 1780 tlieie was i t inst it tie scu hug ode mltl cf e hy 
nd bug tlic simo numbe to U it yen y i wU ot ti o ycoib in wh cl ti o t nn 
s is inny bo expected to happen it th it node II e uextt in ts it the descend 
ing no^ will happen in 17JJ ISS 184 1878 1801 1 1 1 it tho ascending 

node in 1803 1815 182 161 1818 1861 1868 1881 1391 loi Je 

. „ 1 ^ 1 p 2ill 7 8 29 718 -A 

ft» n=: 4 7 Iienco =J^zz— — i— -= — —L— fitfl 

./ T 6 2 6 19 88i 1 


1 9 


Ihuofoio lb 


puiods 110 8 9 71 3 &.C yea s The lions ts at tho ssmo no 1o will tiieto 

ioio aomotii es loluin it 8 yci s but oftenei in 3 nndstil oft n i ii 7ig 
&c Now in 1 769 X i msit h ippencd it tl o de cond ng i b in Jim it d the 
next tl in Its at tho sinae 1 ole w 11 be n 2004 01 2 47 22 190 2iQ8 

3783 2741 and 3981 In 163J i tion t h ppe led it the isce 1 n^ node n 
November ind the n \t tnnsits t the Bimo nod wllbo i 187J 1882 ili7 
^12 3360 2 68 2608 3611 2816 nd 28 1* Tlioao tiins ts i c found 10 


h ipi cn by continually idrUo tlie po lo I and f) i bug tiio yoois when they 
m ly bo e poeted in I ti on comput ng fi ichtine tlie sli itestgcoconl le 
distance of Venus f o n the sun center it tlio hmo of e n] action md if t be 
Icsb til in tho scroidiimetcl of tlio son theie will he 1 1 m I 
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lo compute the Tme of ffie fiantit qf Ven u ot Merc 117 ovrlfte %nt di c 
md tie JDvtaUon tiiereqf to a Spectotot at tie center qf tiie Jlattii 

611 Let ^ mdi be two pl'inets it cot junction Pa AQ ileucotoi po no 

117 motioiiB pi dllel to the eel pt c ml ab QH pe pend cul i to it then Pb 148 

IR w 11 bo thei 0 1 mot ot s t\l At zzl 1 \ ie—ab nd po p nd In 

to AQ d iw^iaiiUel to 1 IjonilJ tlei sil will bo Uici dative 0 

I on ol i B en 1 ( I To tl e 1 l 1 t V m t on my I c 1 01 8 nu I 1 
w tyi 1 c tlie incdffticoltl i«d oIoihiIJb bcl ons mcoid 
iifc IS they o bll ent 0 u the 1 mo d ictUons In tlua 1 g le wo have 
ippobc I tl cm to novo 1 the 1 nc dnectio 1 \\\ Ri ’i the difluence of then 
leil not ns 11 htitudc an 1 /t in longitu lo ndby 1 nnnoraeti7 te Rt 
nd I 1 R^t tlic It clnatiou of H c loKttv oibit dose ibod b7 / Js cob 
Rit 1 ul U si the colu poiu) notion n tlic iditive o bit If^ 0 xjply 
th s to the B( n md Venus ml AQ e} osent tl c 1 o iiy 1 ot on of Vo us in 
lontitudc ft Ul tilt! snn mlQ/JU 1 iiy mot on ol Vonm ulUtulo 
then the sun luv iif, no noti u in 1 it tu Ic fR s tbo iclitivo motion of Venus 
in c pect to Uie sun lone Qi QR 1 d tin RiQ and cos RtQ iid 
tQ It 

Lx On July *1 1709 it noon noon it Giotnwich the long tudo of tho 
cithiiasB 19 3 14 0 mdUiitofVcnus 8 IS 47 8 7 tlio diffeience 

of vhich IS 1 31 U 0 houuy motion of Uio sun (by tbo 1 iblos) wbb 143 46 

tho 1 St nice ol Venus horn tl e bui was 0 790 0 hence (384) tlio hotoiy mo 
tion of Venus in longitude wis 38 96 tho foio Uio diflucnco 01 b the re 
1 itivo loin y motion ol Venus in re poet lo Uio eoith in longitude henco 
01 1 21 1 bout Oh 41 t thu f le the coiyunction wi 8 on Jino 

i at )/ 14 1 man tunc itwhiel t nio the longiU lo ol Uio ea Ui wia 8 
1 37 10 1 ho hohoeont e Ut tude of Venus was also found (by the Tables) 

to be 6 27 iioiUi dccioising in I its ho iiy lohon in lititudo 14 (K 1 ence 
1 I oui Jh 44 4 14 06 3 17 whidi Bubti leted horn C 37 leavcB 4 

10 Uie hehocenUic laUtudo of Venus at Uao tno of tlio ocliptjc coipnnction 
Iho hstanco of U 0 01 Ui Horn the sun w is 1 01 31 theiefoio the distance of 
Venus horn the ca tli w ifl 0 2880 U 0 moon d stance of tlio eaith horn the Bun 
bcinji imty bento 0 889 0 72620 1 10 10 a Uio gepcenU 10 latitude 

f Venus at Uio ecliptic coip unction which being less than tbo somidiometer 
of tho sun Uieio must be a trwBil of VenuB ovci tho buu it Uio conUa of the 
i idi ml couBequeutly somoahe e upon Uie au lice wc hive theiofbre m 
tl ei no occ i ion to ton pule Uio si o tost diBloncc ol Venus flom the oen 
t of Uc sin in ordo to deteimine wl ethci thoio will bo a hanwt Also 
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no 

149 


m 8“'=“l«='ony. cto, ( Von« 

fomtho ui n loi„tuit ind 0 288 ) 01 828 not ) 42 (Jio loo 

cent I h lily mot on of Vein y n 1 tciu le ° 

N w leL tbo Cl cl BOl loi) esc il Uio sui 6 Ib cent DON U c ccl t t c 

V ^ mte =10 p Kl r s U 0 .p, iicut 

phee of Venus m cotounetion s id lot S VN lepiosent U o o bit f V lus »« 

Been floin the on th Now the geoeontiic ho siy not on of V nis fioi tlic 
sun la longitude is s a -md tho geoconaic hoi uy motion of Vonug 1 1 li 
titudoiss 42 honeo<61i) 8 J7 s 3 4 iid Uin of 8 js i 
UiomolmaboiloftlioioUtveoibitlotheochpUc diawtheief o&KNmilinfi 

'“‘l^^'-^willbotheapp^eitpvUolA^oiiBseen 
flo u U c c th Diaw CM pcipen 1 culm to SE and it will b Beet it tlioi ofoi 
M 29 Uic nildio of dio t anut Now os 6r= lo 28 and tho inalo 

KCJiI^a 8 tf4 wo have lol am 8 28 4 10 28 VMzi 

X s 


Hio hoioiy motion of Venus m its lelaUvo oib I ib found ('01!) by savine 
coinnoof indmationa 28 51 lad s 7 2 (tlio dUferenod of tho I oinf; 
mot oDs of Vo lus au I the sun soon flom tho o-uth in longitude) 4 0 1 tlie 
hoi uy moUon n its 1 kUvo mbit 8N Ucnco 4 0 15 1 88 l 1 oui 
28 14 tho time of desc bing whicli a Ided lo OA 44 4 gyosloA 7 
0 101 tho middle of tho tL*iiisit 

In Uio U angle rClf latl cos VCM=B 28 k Cf=;io 28 ^ If 
ss 10 21 tho nosiest distsneo of "V n s Am 1 the si i b cente hence n the 
^CAf CAr=10 ^1 ind 7(7=1 40 tleefoio S]/=ii 8 6 ti 

find Uio tiino of dosoi binn* v f id siy 1 0 1 i hon 71/= 11 8 6 

2A 8 24 ilio timo of desciibin SAJ which silt icledAon 10 / 59 tlio 

time when Vonus was vt J/ gvo9 1h 9 8 foilhoBr/win aid sdded 
givoe IS/f 6 23 fth tiio Fnd moan t n 0 ac oiding to the Tibloa Ihc ofllet 
of Iho nonBtiinliia olUx hiiB not boon 1 le cousid led as t a 1 tho folio v mg 
calciilnlions it being so extremoly a nail comp ed with the mion to which 
Llio lablos oio flub]ecl 

In tho ti msit of Ifercwy tl 0 voiiotao 1 of its distance may be bo great bo 
tween tho timoa of tl 0 n tosa and ess ob sontibly to aflfect its geoconbic 
motion ind theioby londoi it neccflaaiy to be taken into conputiton M do 
1 lale me dculating tlie tiansit of Mmcmj on Novemboi 7 1756 fo md that 
Ae bne middle of Ao piasago wia altorc 111 by Au cucumBUnoe bq Aal 
DS wu* peHoilmed in 23 less timo Aon AD 
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A Nm MetJiod qf compt twg the ctqf 1 m alia* 1 1 acceleiahng ot r imd 
tie 1 me qf ffe Se wnWa « Lndqf a haamt qfym\.^ or Meici y aoer 
the Sun 8 disc Bj Net U Misled D D Jf R S a«d Aatioi onei Roy 1 


f I i 'Ilie schemo 1 c e g vcn leht s jmtioululy to tl e tiaus I of F nua (n ei 
U 0 Bun wl ich happened i 1769 Lot C epiesc t the ccnlci of tl aun T Q 
J tl o celo Inl no Ih polo of tl e equate S the aot tl polo 1 CS v uci tdian 
passing U 10 gl tho sun ^ tl o 7 n Ui of the jl ce ADB o tlie lel&t ve p&lJi of 
Vonis t} being the dxtve placo of tl c doscendin node A the geocenhic 
pH 0 of V nus attlio igiosb B it tho cgioas and D at the neoiest appioaoh 
to ti 0 aun s ccntoi as seen fiom tl o coith a cenlei and o the appa e it pla o of 
Venus t llie cgicss to on obse vor whoao Aonith is A diaw qu7 and t la the 
M]Iac ofV 1 UB when tlie oppoi A/llice sato n I wo is the pi llavinolii 
tudo ol Venus fiom tlio nn and tho I no of contact if jU bo h i iiisho 1 by tlio 
lime which VehUs til cs to desenbe uJS di w nohonB p lallol to AB meeting 
/B pio h ced ml an I J3n tin ent to the c lole and let ChJD be perpen 
dull io AB Now tlio tiapc/iu uoj B on iccount of tl o amellneab of ita 
a dos in y be consi Icicd la icctih ic n I f om tlic m ign tudo of ZB compa od 
withfu Bl in ly ho conaido t-d s poi ill 1 to no in I conaoquently moZ R mij 
boconsiducd w ipa illoJ mm ondthcicTo c Xo miy be taken equal to Bit 
Now 1 0 —Bn + no accoiding oa B folia without oi wiUun the diclo ZQ of the 

bunb Use nn Iby Tijgonometty Ln LB an XRnscos CBZ am BnE 

=s=Bin RCZ)= cos CBD honce Ln :=» ^ md (by Euolid) >w t±a 

cob CBD ' 


voiynculy b tjln BJ am RXn=Bin ZBD am RnX::::cOB 


(BD theiefoio Bn 


BT 7BD 
^ coa tlW 


honce no\ 


JiL X an ZB D 
AB X cos i/RZT* 


Put 


k:shoii7ontal pu dlox of Vonna from tho sun onl (1 4) BL:=h x am Zo 

+ h X 


i^hxen /B hence uBmoRazLn+no^ 


n 7B X coa CBZ 


cos 


xanr 


no 

1 


Ml ZB X _= h X Bu ZB X coe CBZ x see CBD + 

BA X 008 CBD ~ 

A_bm_ZR ^ ZBD xacc CBD ^ - the t mo wluch Venus takes 

AB 

by ts gcocont jc olal vo notion to do ciil e the apace h to find which let iti 
be tho lolibvo hoia y motion of Veiua tl en i» ft I houL = 86O0 t b 

;j<3^ Itence to fin 1 the time of deacnbmg ttB we hove h AKSan 
m 
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ZBxcm CnZ 8c CJ3JD + ^ _ J i /^D^x jec 

mn Z^xco CBZx^c si i /BD x sec CBD 

^ AB 

t 10 of Icaciibin uB oi Iho cfEiclorp i dh\ ui iccoloiil u» oi ctoidiij, the 
time of ciiitict Uie uppci si^n is to bo u cl when CBZ i tulc in I Uie 
lowoi BJgn when it is obtuse If CB/ bo i o y nculy i n 1 1 ingle but obtuse 
It m ly Inpptn that nJ niiy be loss thin no m which cisc nE s to bo til cn 
horn flo occoiding 1o the ulo iho piincipil pi tnl ol the olicct oi puil 
lix will inci ease o lininil Uio plinot dutince fiom the sun s contci it 
coi Iin IS Uit Q I ABC is acute oi ol lusc but the am ill put no of pii illiv 
ivill ilmys Dcitiso the pi met s d st nto fiom tlic c t tile tlic elo c the 
sum 01 lilTc enco of tlio oflocls n Ih tlic gn ol tl o git to is to iiici e is ng oi 
deciQising the pi met s IsUntcfinn tlio contei oi the sun Otlie wise 
Elite tlio 1 ulo dius lal tlio bum u diflcieicc of »randnp iccoiding is 
7BC IS acute oi obtuse and Uio dislaiico of the plan t f o n ffaff du i s ct ilei 
will always be ncieisod in Uic (list cibo and d mimshed ii tlic decon 1 oxcc] t 
ZBC be ng obtiisQ andne u OO nL shill bo loss tb n no ii 1 then the disUncc 
f om die sun s contoi will bo inci cased by the diflbienco If ZBC bo icutc tl c 
put nE will rotud tho mgioss un I i cclc ate the cgiess b itif ZBC be obtuse 
the put nl will ncceloiito tho ngioss ind c I 1 1 tl c c icss In 1 ko manu i 
tho poinllix lilecis Uio ti lo of tho ) li ot on to my g v i I ti ce li nn 
tlie sun s ceiilti btio o o litci llit mi 1 He 1 tl t ti ms t lie eco 1 1 p u t oi 
tho collect oil 11 11 n t o\ec 1 ) oi id )1 t no i Uic ti n ts of Venus m 
lYfl ml 17(<1 wlioi U t noil tst ippi o ich of Venus to tie sl s cci tci was 
iboui 10 III the lians ts of Me) cut j the fli t pul alone will be suiheieit 
oxcopt the nou ost disliico be much lo to 

Calcui aiioN As t see C BE is a constant qumtily ioi tho sime t ns I 
find Its logoiithm in I it will bo constmt ind as ■ - ^ ^ ^ ilso con 

stint find ilB I( gi ithin md you get i second constant loga ithm flion to fli d 
the ill sl Ol p nc piled etof paiallix n time to tbo const mt lo i ithi 
idd the log sniQ oi tlie /ci th distinco ZB ind tho log cos i c of CBA and 
die sum IS die logiiithm ol the flisL put of the edbet of poi 11 ix ind to tho 
vfcoftd con I mt logoi thm idd twice the log s no of the ocnitl dist inco ZB 
ind twice the log sine of ZBD md the sums the logi ilhm of dio second 
pait of d e ofibet of p iillix 

619 From tho T ibles of the sun s mol oi die d t inco of die sun fiom the 
oiidi at the time oi dio transit wis 1 01 314 tho mem disl iieo 1 ng un (i 
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RD I Iho sun s hoioiy n ol on wia 148 4 7 uico icclel by ll o cff cl of ll c 
monAU 1 1 1 SI ill X r o 1 tho 1 blea ol Uio i (ion of Vcui th 1 tu eci 
Vans Horn tho si was 0 7 6261f8 its men 1 stance Ion 07 39 an I is 

men hoi y lotionwis 240 2 hence (2Sj) ts iiue helioce tiicloiuy 
notion w i 2SB 981 

Oil To ei.p]a]n the o£fLcl of the leiBUnal] i llax lot S bo tho sun 
Uoenthsobi Clio ceuiei of ^ ^ ^ ^ MIV 

tlie 0 b I of tl 1100 I 2 a tl oib t of the ei ll which ca 1 <lesc bef> 
lb nt tl c cent i of ty C wl list tl I iloi lesci b s the o bit taw loin 
SC S23 nloi Silt fill tl pe pend culai T/ tl i tl e aiglo rSC i lie 
menst i 1 p lall X wl icl at ts maxunum oi when CL is puj oudiculai to GS a 
7 1 He mud 1 oon b u it tho mean d tinccs lolthefoime be lepie 
s nted by uii ty md lit nstho mem d tance of the moon Ihon Cl Ca 

7 1 CSL=1 1 7 1 xsin elong « firomowhon the sun aid moon 

010 at then me in d si nco6 but CSL i ii st va,i) nvois ly as ll e 1 at ico of tho 
Buu lenco CS 1 7 l n eloDo CSLzz7 IxH— atony d 
tineeCS lUo byviyingCI/ lie n le CSi inustaoi) ii piopoiUon bit 
CCia CS isC V hcTce m CM 7 l ^ 


=. Gieciiise tho hoi 
Cbm ' 


paiiUaxof « laiics nvoisol^ os ita di tance) 


7 1 X H n elon x — 1 henco (ho ii ciomont of tli a angle (the 

CSx hoi lu « 


an le it elf only btiig sui posed va lable) = 7 l x olo ifc x cos elong 

luoii ho pi 4 n on houl elon tc=hoi mot 4 — hoi mot Os=s2J 
CS 1 01 pu 4 

hen tile hoiaiy motion of U e monatju d i oi of o in / on ttude = 7 1 x 22 


X cos 


elon 


no in ho 


xhoi pi 


OI Xo hnl Uiemonstii U 1 01 ly moton nlatitulo lltC lopicscnl tho 
cchptic L (lie ooilh Jlf tho moon C (hen conloi of gievitj and 2 1 po pen 

Lv 

diciiluloCVi then CJ Ev 7 1 7 1 xsin 4 lit wli ch s 


llio sun s lit tudo it tlie mean dist nccs of the sun and moon indif 7 =ll e 
iioou hoi uy moUon in 1 111 1 1 ly pioccolug befo c n get the Jio 
luy motion ^ the monstiud pai ill i in /(fihfwde ■= 7 i cos lit « x A x 


IK 
1 () 


11 
1 1 


Sc MIldSKlldb^l 

1 


VOI. 1 
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me^ ho p u < .j !i u .1 , , 

O fl disT X hoi“p u~r ^ ^ W 17 -w the < mcnea in libtude 

Hcnco tl o comp it it on of these jumtitioa at tho t ne of the tiona t in 
1760 when tJio hot pai tfwis61 28 c b ho mot 87 7 8 o ho 

mot 2 28 gives //=S8 81 3 hoi mot < lat = } 23 O s dist bs 
101 3H and the mom hoi poi < = 6 B also at Ihe time of this ti ana t 
COB dong =1 


1 1 


b 

0 8 18 

r «) 


log BID 

8 2164 

61 iR 


CO 01 lo Bin 

I 7176 

3 94 3 


l>fc s 1 

8 0148 

1 01 211 


CO u lo 

JBOS 

0 0671 hoi 

mcm pm 

0 m Lon 

8 8266 

7 I 


log 

0 8 18 

.,6 B 


log am 

8 2164 

61 28 


CO 01 log s n 

1 7476 

3 22 


log SD 

6 6620 

1 01 14 


CO u lo 

9 668 

0 0064 hoi 

TDcu pm 

0 in L al 

8 80 8 


Uonce tho sun a hue hoioiy motion m longitude is 148 24 

nr 016 T ot C be Uio aun C 0 P W 1 aem ciiclo n the piano of tin, 01 bit of 
^ Fenuf oQo •iEionua de in tho plmo of Uio ecliptic J thoplico of Vouua 

and til iw J / po pen Uculai to a C» and i e peipcndicul u to the pi mo a Q o 
and join ed now 

Had coamcl ? sob Pd de tonPCo ton fiCu =tan PCv x cos ind 

Tal 0 tho inciementH and we get eCe =.1 Cv x cos ind x Ce x 
cts of Q beciuso the inciomont of the tongont of an ingles ncicm orex 
see radiua boing unity Also PC Pd bin i dc =mdin am J O s 



ON THS TBAN6ITB OF UTBCUAY VCNUS OVm TIU TON S DlSO ^OJ 

hehoc lit of 8 bit iC P4 lal 9 n P«oi PCo Ueiofioi'id Bin 
PC 0 an iDclin am ht PC!s=bin incl an iCo XTlotl icio 

menla ind wo get ICezzl C o xcoa PCo xsec i Ct xan 3 23 o 

617 Lot ^ bo the am T V tsio cotcmpo ly of tl e oaiQ “uid k 

Venus TOd oftei a am 11 spice ol ti no let I \ bo tl coten poi y poa ^ 

t ons the pi icc u b g fiCctc I by tl t on of tl coitl ibout ti e coi t f 
1 w ty of ti 0 1 tl 1 I 1 oon 1 tl e nt m I it t ne ti en uSX — £S\ 
-/Stt=l 1 lot j 1 g,~lcl i t em Ion nclud i^, the bangeoftlo 
meiiBt ud I uiUix hci e fc!>X(thc ipp hcl mot ? f om © u loio-) 

(Si*\(tl IP ct 0 tcoc not ol ? flomoiilong) Xuzi2V 8X^hV 
boc lUiO the n Is bcin bmiU tiiey miy be tiken as the i a nos 

618 Ictilbo ia be tiio motioi of tho oiith n *i email ap o of tuno flom no 
2 to r peipondiculii to th jline of tho odiptic ind Fm the coneq o idinf^ l 1 
mol on of Venus whote ti o not on Te is tbit ibout the couto of giiv ty of 

tho oulh in 1 lOon i 1 U tudo JLIicn tho b 1 ocent ic not on of V nus f om 
tiio 01 U n lit tl lo = VSu I ISe (ti e f g i o be u id ted to tho ci cumbtincos 
of tho t mat 1709 ) 

no Let FS f bo tho holioccQl c mot on of Voi us f om ti o caith in long rro 
lulo(=uS\ in All ^17 ) F/ 1 1 ng p ip nl c 1 lothoiSF ind lot /So bo If 
tho liol occiihic m lioi of Vouu iiora tl c c Ui n Ivt tudo (=uS m A I 
618) od bein pmpondjculu to tl o ecliptic tlion tiio hypotbenuso Vo ivill bo 
tho ipiiicnt bohooBntito pti of Vontia loliUvo to tho eaitli aupposod to be 
at lost ml )Vd snU bo the inglo which Venus a ippiiont hohoconltic motion 
fiom ti e ei th mol cs with the odipuc oi wl ich la tl e aa no the angle wli ch ts 
ippoioni {,cocont ic notion f om tho sun mikos mtb tiio ocliptic Now FSd 
(tiio Id mot of % flom © nloi ) dSo (tshd mot fiom © mill) Vd 
do lad tin oVl uid Fd Fo i d see oVI 

f20 Listiy let S I Fho tiio conlcia of tiio sun eoill mlVonus and n 

stiio aomidiifflotci flhoeuUi thcnF<4“F/ SF AS I (s. o ’ hoi in) 1 / 
SAV=AVT^ASTssiho of the hoi pa of O'lwd ? 


CakuJaUotiJ' om At title 616 

Hd long 0 by obs it tins timut 8 4 3 8 

Vonusabd long at mid oftiusit 8 ij 28 13 


Aig of S lat of ; oi dist of $ from O \ q i tj g 
itibemg 80 much ahoit of it la aLonAomo } 


<* 



i04 


ov Tiic rn\miT& or ucactJBT and tbnits onm thi: snub one 


i6a =i 7 2S 

PdeA e =8 29 20 

cC» =1 7 1 


log 8 S922268 
log cos 9 9902899 


lo i\a B 2914667 


log lallO COfl cCOtO 009 PC 9 


0 0000008 


Log 1 U o ofil 0 squHic 

I Og CO 3 23 0 

llol ho mot $ m loDg 298 81 


OOOOTOOO 
9 9902899 
lo 2 977273 


ITcl hoi mot 9 on ocl 297 9614 


log 976 1 ® 


Pe=l 7 22 
^ a =8 28 20 

Ptf ssO 8 0 


log Bin 8 3921434 
lo B R 8 7716814 


lo 8 n 7 0688248 


By tbifllbrmul'i JPCtfssTC 0 X C09 xecc POxsn 9 28 20- 


238 881 
3 28 20 

1 7 23 


0 8 9 


log 3 977372 
lo Bin 8 7716814 
log COB 9 0090166 


11 1488700 
log COB 9 09 JO 9 O 7 


14 0687 bd mot of 6 in kt 


lo 1 1488708 
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Hcl ho mot ¥ ed to ccl ptic SS7 9644 

Uo m I o ncludin olT cl menst pu 149 S4 


llel loi mol filomouiloig 


94 4404 


Caladatunfrom Article 618 and 619 


94 4104 

lid hoi mot 9 in lat 14 0687 
. ^0 0 0064 


$ \ e H 09 1 


8 9 10 I7i^iel ob mileswitl ed 


log 1 97^1 78 


log 1 1400682 


l-vn 9 173J104 


8 0 10 17 con log cos 0 0017688 

9i 4101 log 1 07 1 78 


0 4861 app bd hor mot s le con cos 1 9799416 


CaladaUonjlm Article 017 


D 4864 

log 

1 9799416 

Tr=:0 288049 

CO ar log 

0 891787 

SV=Q 73696 

log 

0 80109 

340 0038 app gOOC mot 

log 

2 8BOSI 8 



CV THS TBAMBIT8 OF UCBODBT ilKD VENUS OVTS THT SUM S PI90 


lOd 


CaleulaUottJiom Ati cle 6SO 


Assun t tlie siu s noai lo 7oDlaI pualltx 8 83 i lo ill towhit^isdo 
toim nod 1 o il e obse v t oui of Uic U mnt m 1701 soo the liccepls to 
Maich b 1 bloB pjgo 61 and 114 

8 83 log 0 91 eri 

101 314.0 BdiBl ilom@ log oooo i 


8 698 1 01 pii o on dajr of iionsit 
SV=0 888610 
SV=0 72686 


log 0 9894ir 
COBl loj, 0 JJ17J 
l0{, 9 8610) 


81 864 $ s hoi p u o luung liinui log 1 saJ720 


To find the ipp*uront Umo token by Venui to move ovoi its hoi zonld ponl 
hxilou tho Bun 


As 310 0089 $ s tior mot > 
Omoan tune in lel oib $ 

CO 11 log 

7 6197848 

u to 8600 

lo 

8 6 08 

BO 18 1 

log 

OOOOOOOO 

to 14 99986 1 ne f iikos to> 
movo 1 Bom o nil 1 oib) 

lo 

1 176087 

1 861 lioi pji f o 

log 

1 839^80 

327 9 mem lino f nioios) 

OVOI ita hoi pir fiom o 5 

log 

3 1 807 


But 34 horn 4 of appiient t ine=2ii7< 0 10 of mein Umo honce to loduco 
tho mem lo ippuont Ume 


App time 4/ 0 0 8640 

Mc«mtllio”94/l 0 10 "8641 
937 6 

837 913 ipp tune % moves ovoi 7 
itshor ^ O vrhchput=/ 5 


lo 0 0000 0 
log 2 1 807 


log 3 17 7 
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rime of oils ofj’tst Dt ' 
CO i it Wa dhiu rod tol 
6 enle ly some fo | 
moi cilculalions 
Ddl moi L of Greenwich 


9 40 40 

4 17 


D second mi coni 1 3 4 

» 4 17 


Api limes Bt Gieenwicl 7 SO S3 
O B dedinit ons 9S 3 Ok 

O B I I PC f N p le 67 J4 10 

OB 1 1 SCI 01 b pole 113 3 0 


18 18 47 
3 37 95 k 
67 as 35 no 

llA 27 3 18 


Angle bctw cclpticiil? 

p 1 illol to oqmioi 5 
App ncl s B lel oib^ g 29 
oiQlo od pi c Ctt B S 
Sum /I bet pii to qi ) j si 39 
ind s a lel ib i Ci)) 


0 9 37 

8 29 10 
1 38 16 


OihetWii 


jCCP/.oIod mdmei 


83 4 40 


89 O 3J 


Its supp o C/ 97 90 

8CD=tonp CwD 81 8® 

Dill 5=i CD 1 8^ 8-^ 


00 9 27 

81 SO 41 

1 28 16 


631 Wo shill tiko the 1 ffinonco of aom bimetciB of the erui ind Venus 
wiUiM lolalANDEsl 1 1 which la whit ho found necesfluy to leconale 

ihclotildintions fUieUi lU in 1761 in 1 1769 with the mot on of the node 
of Vouua s o bit in Uio mlciv il known nc ily By some cuIculntionB of this 
tiAUS t ve 1 1 1 fn nd tl c cl 0 I loaci bed by Venus ovoi the sun between the 
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H* llltlllll hi tll|llMll II tint ill if] I 1 11 I ulllXtllll ( I 

I H I V Mliiih line III rliirrvir iii the ( ipt ti iil I ili nuci /tf t ilinn 
nt lli( renter ol ihr tarlit mil tin eft i tf pirnlhx nt (Irr nti lit | t 
II) mIiicIi time nn oltxrner m lul I it ll 1 1 untne lx n r Ui n nt iJit 1 1 nier i f ilit 
tanli ilioitroK the num 7 JO ii the whole pffret of pnnlUv bdm i n ih u i 
plncia lienee 7 flo I 8 k 4 Uu xun bon/ontd | it ilUx fe m 
lilt i olmnnuon lliut kiiowiiii. the dilUrcnct ol loii|pUido U) t n| ii 
iiij{ the timet II the. Cmo wUh the fbllowing plioot Mr ^ftiotr ekdiicul ih t 
hoHwntil putUixof of / Mf 1 m 


( recnnieli 

H » 

1 Kini 1 

H 1 1 

Kt m 

8 r 1 

Siorl II ilm 

8 »■! 

Aho 

8 H 

Shiihoum 

n 19 

htrli 

8 49 

Drontheun 

n Ji 

lIimetiAnd 

8 18 

lomeo 

8 nr 

Satilo IIouxo 

8 TT 

Bologna 

8 41 

Upml 

8 10 

Calmar 

8 8tt 

Ciyincbuif 

8, 91 


of thuc riRufti If 8 ,47 


6fl7 Mr liiOOT ilio dtUrmloed (ho pvdbic the whole uae of ihc 
ouotion in Uto following miuuicr Ut found Uu,]uiiii tpptrml dhdmico tf 



OM ftl» fRAM IM Ut* MfHCUar AND VlNl/1 ^VTA rilS SUNS DISL 

til lit rul \tiiu from ihe cenUi (f Uic sun lolio i Si lioiu wind) anil 

ill It AT} ill ill It ol \ 1)111 III iuiin I lilt, total lime il liiiation ui Uii loutu 

I ih ( irtl) i 111 A SB I And li ini an asaumid puiallax ol s he lom 
|ut 1 ihi iHi t u|K)ii lilt (Iscncd uiii ol llit Uaiuil niid Uieuio luimd Ui6 

I lUl lurati »u at tin rcitler o( ill imtii wliuli he comiuiod with BA 98 1 
III I lliiuii deduce I Uic pai ill i\ J hil h m 17( i 

I H At Cal till I lilt luuli n tb lived It IS A 0 S( Now upon sup 
p III n UiBl lilt lu ri/ nl d ]iiiall ix ui llu siiii >\us H llii elkel il llie iHiioJ 
la\ M) li toil i till dm Hull luiKi the luinli ii ul llu ecnlei horn 

Ui a in I I II lliix A H i llul llu true Unti wai loun I U bo A 
HI il H III 1 1 It illux (liiid It Kiv Ul umo loo giQol by B Nowil 

w ill nl I II \ 1 till Inn cl liii till II will be allpied BB I honco BflW 

B I u cHif tilt fimiige ol paialbix Oil resiioudinglD Uie difibtenoc B ofdn 
fiiliou Una aublnotid imm 8 gives 8 1 loi Uio puiallax Avm Uiisobaeiva 
Ul It I ind It tm a ituan ul mxi eit obs unlions of Uiis kuid Mi Siioiii dolor 
iiiiiu 1 llie pandlax lo be 8 IB Irnii llu nicau of idl Uie obnucRUons 
(tH)t|utillv Mr Hu iir lu d l i iiimdtlii pninllax lu be H 9 7 
(if Dr III IS I > Sn Inin lul or iti Asunioiny in the Umvomly ol 
Oxfml I nil Uit III in I u gn al iinmbri of r(inpiiUiUoT)i of Iho some tiAiint 
f Hind ill I trail IX I I i I Hull m A iiuon ol iiiiii nbservnUons ol Uio 
tun 1 n I i It 1 in I llu | iiillixlilu H ( lliiicu tlio mean ol Mi 
Sii Mi an U)r IIoiin it a coudiiuoiM give h Hi (oi Uie poiallax Bui if wo 
uki nlv lb M abiarvaUana llie iiiaRl lo be difioudod upon^ /bun wludi Di 

II I V t ni(iuud m llu first trui it thd puraUax at Ui&t dino wdl bo fbiliid 

l he cniv H iH hence the ntuit result irom the DoMOHR two oonolulioni 
n tu r i all lul Mr situnT H 9 7 la B 7 J lor ihe pandlax at tho dmea oi 

ihc in II and ar timing I Ol Icr llic distance ol Uio sun from Uio earlh at 

Uu time of llu iMti It It halt i 1 on h 7i 8 H lor Iho painllax al the 

nun 1 l«i e lulit mile tli m mi paiollnx fl 08} M liNuai 6 8| M 

Ifxiir M nil M duSsiotii H 81 M dulalANim 8 0 iho moan ol 
dl llu c deuinitnaiun ii a 7Si ivlileli agrees (pngo 418) voiy nearly with 
Dr Mv KRt T ri 4 isleulatian fhim the olmervations al Waidhua ind Olahoiie 
Wc niav Ihcrif nx uppoa the mcAU lionaontal paiallax of llio sun lo be 6 ^ 
mill a great probabdit) of its being cxlremely near I* the truth Uonoo llio 
ra Iniul llu (inh Uie dutaneo ol the sun ain 8 4 lod L 98B7B 

c x> III elcimnts nnde u c of b) Mr Siioiir m hii ulcnlauons weic Uic 
dl lit e U r 1 1 the un - 11 ihe diameter ol Vonua mm 59 Uie hoiaiy motion 

I V mil in UK imUi 8 99 8 Ihe ftnglo of Urn apfmrcnt orbil of Veiiui ^Ih 
ihi et bptie ^8 80^ 10 uearesl diaunce of llio centoia ol Vonus and the 
sun MN It tram Uuf caitb tg0' Bit aud the diflaroneo ol Uie hori/onlal pArOllitea 
of Venu end (he «un«.^ 



)T iifi Ti uiRciiir AKit nNiif 0/1 n mr i\s a i iki 


< II ilii (11 It n( llic iihiaIIix Ik K}^ I urniiiif I lli ir i i H I n \ 

rtiul) niFlhul )Miii In ili I tl i ii I ili I ii u 1 1 II |lt i| | 
till nnu h rvnliKi v\ i mil I i i(ii il i) i 1 | II ^ n dm 
Midi dm III I I iHiH uuli|li i il tl Hill ihi lit I 

(I Ilirdilli mid ilu lillii m MIt in i ili I ll i i 1 1| I ij^nud 

lurcMimjli w lilt I \ II (|«KC l-K) III l III inn ai W rUii iiilOin 

licili aLi^IikIi Uu lir I iiiuniol c iiiud u III 1 1 ik |l( ji il till iii(( 

iiieJ/i4D ft a mil 1/ 18 V 0 til I Hr 11 I uln li i ijf iti ) 
•oilSO Jf fi tilt liHirtutP I iht mtrdiiii I i tli m i I t i rt iilm 
ironi tlio inuww ot Mtitmi Mr Sii mr I mid ih( litf itti i tl i irn Iiah 

)l ( rttiitticli iiid 1 imti IR t» 1 I iiUrcni Uit tnti it H \ nu tii | 1 1 
to III I Ki 111 Him 

lU Ilu (rail II I \ nil iHiI t r\ n I I M II I r fiiibiigtli 

piMll of (III noil I ill I > (Il til ill U II I) A I III \j| 111 |- tl I I At Ntr 

nlpii in III ITiiiU I SliUii ul Vn it il t I i i di i tit ( V r i tU in d i 

bo 10 10 liinti iQ Me J 8 8 If r«d (U |« tii (t 

10 17 till f.tottiiUii Ifttitudaol Verm a Ut buit of t niunitu i an\ 
0 ttfl u OJHHH 10 17 ♦ Uu lirhuttiiUir Uuiuik Cf ol \iiiu 

lioiitir Un f NC j 1 Iff imI llu Itobw t titric hilttudo C ( i 

8 9ft, wbUJt8#iiii ii <r 84 ipicj j 14 Jff- w, Jm ,K 
{Hteo or Hit wsondtoff nodi ofihi^orbii of Vmu 
oil Iliohmi of (lie i(li|iiit I niiiiKti n iiiai Ii (In (ml 1 ml m oni 

lime (/) (lie did rente ( /I ol 1 n> it I I \ nn n t it 1 1 i Vn 
010) lindnU (In iipm m f iniii I i i n t i ( it I \ i f di, 

mm III lungiiiidt mi 1 111 I n i || / i) ,i n 1 1 1 1 « i| i iim 

(mid lilt triyuntUon viliitli nil nal i to li aUI 1 1 r ili « h I ft u ( 
acQOiding » Uto obwrvnuati nat in« I luf n ir ill i ilt n m u, i, Hk 

iranaiL In 1701 a (iA ii 44 ■|i|nrtiit inn At I an >| | u i i m 

found d- 14 4 and m J ( 4 li 11 (if ii * l Imr 
U l KhitliMuInnuUdlroifitA il ki Iriau tUutiim il mmHtn 
wuiiMl giicm 9A f (qi tliQ turn n( ttujuii li 11 (r m if U niiui 
Wt nwy olio ihui find tin Uubil it cinjuneU ti fit I ry 1 ii n o( 

Vomu in Inlitiilp WM Iff* f| litiH u> wi I 4 it 1 n n 1 1 n in toll 
taidtui IV I winili uUiri u I iitm lu I ithrlmutl n I tMf n 
0 in for till liULudt At ifit itmi of toiHmicti 1 

Off (l» Olmritutmt itU mat m fh I ^ tt f t * 

Swiff /itfff 

m PMiunfioOrtUmeorUiobeginniiiKofili (rmdi ih rdnrurfoMld 
Ini uloNtoi i prp|iiri> hud md prepirr 1 1 kIi Wnlijdi i*t dtrnltlu 



\ tm fRtNMn 01 ttHClR\ AND \INU 1 1111 BUN I DISC 


iU 


t ( III I lioul I kii m fiom bli coiitpuLid iim Uio iioiiiL ol (ho nun a liinh wboie 

\ I I cxiHCU I ii utlcr Upon llinl pill o( (III limh ho alionlil I uphiH c}o 

I 1 1 > fi\r I mil at tht iniuinl ho ilic lontacl (n lako place ho mnal 

II I III I It and proceed Ir ohicni in oidci Ir In ccilain Uial ho waa nQjr 

II I 1 I If he fin I that he mai iniHtakcn he imiRl conlmnc lowailioiitt 

nU \ n Uiig (h (ime\ili(n lu miRpiil il in ntki llmt he inny not iiiuw il 

> li II II rrall\ I < huitn ^ uiii ImMUff tiiUiul llii nnnu line iviuLlu 

ll ml mil Kill til an I II I iHtiiii Di 1h haiiii 1 i Uu iiUiiml mid ix 
lirnil I III I I II \ nil pt 11 ih I i In lln. limwiLiu I7i 1 Uu 
1U\ M llii I I U S I MiiUm I i\i I n kind ll ptiiunihn oi duiiky 
liml > h II I I 1 tl III I I \\ nil I f iiilarl two or Unco Bccondu ol lime 
an I u 1 1 « t II irki 1 1 iliat lu wiw thii(b> rb uicd Uiat Ui« conUiU woi noal 
whiihlupiHnod tctordinffl) In the imn it id 170D Dr MviMirYtfrwDiveiy 
nil mill lo oh trvo if ihw (irpuuiiiUiiiie look place Imt hi could pcuoivo no 

h ill 1 1 \Vlitii \ inn wnift hull niort tlitii Imll immoiffc 1 into ihc nun a 
till h II wUili iiunnil mu c iinpklid by immis ol h \ i\l 1 I ul iini 
r w 11 ditin d b rkr ( b^1 1 ^ Imh illiiiiiinaud llial pnil ul lUuicuiiikiniei 
«htb\t (1 ihi III Intlin diiipp itcdnboiili oi 8 biloioUio utlciiml 
itninii In ibi imii il in I7( i Mi limn ImUmnitiK ol die Hppioacli o( 
Vinii I lb ixlinal i liicl l>lln ii 11 n npptaimue il u m I ul c iu«r 
iinii ihilbiKn r Bf unlit ii < I tin iin i r i Ipi f I Uu nn (i\t cm w\ iiiiiiuUii 
twlru ihi bmh ol Vtow broka in upon Ibo mm Ihii ho Uiiiiki iniglu be 
min^ mil ilnmphirt if ^iniw lie did not kpwmi obaownny kind ol 

t tinimbri in Uic ( Uicr iron il Nome ibatrvtra po^c^iod) at tfav flidt extoc 
fide mil i iiknl «t wal ly pointed nliadow ippiorinig to given Utinuloua 
me non 1 1 ihJi \ art ol ihi ini a limb Mo t ol Uic obaen (m look noUto al a 
ir miiltiii m HU n I ilu mii • Innl wliiili iin Itiid Uio Uiia Him ol Uio con 
luiim rliml HcMrul itoml 'wiiu A litnoiiuii Rt llu lul Unii il ob 
crvi 1 ■ liiininfii ir mil ol ili iiiiita ol ilio iiigitw fliil tjjic a wliiih 
tnbplilrn 1 lint pin ol \timaa (iiiiinikitiuc which wa off Uio lun lo Uial 
tin wlmli circumlcrtnu wia m ihk Al Uie inteiiml tonlnit Uic liinb ol 
\ t nil imi I to m l ol Uu ol mntm lo bo united lo Uie aim b limb by a 
blofkir iilHranit trligniuiil whi li wan iiotbiokin by Uio Uiicadcl light 

I II roi trill I aAar lln itf^ulfli tiaiiinluuico of Vtautittmid lo halt i 
III idt I V irii llu im -I Dih I olimmd Uml llu Uinad of hglit belwtfii tlu 
limb did nol bieak in lairiaiitoii Iv Uu poliiu ol the Uifcnda dmung mt i uli 
nil r iml tmtmm Riitm in » quivering manner a(\(inl iiimw belni Uiav 
Ii iillv adhth I Urlwp4 iho Inmt vmj to gel Uie Unit of Uit initniBl conUitt 

I I mlr^bytlHfU Irwn UiRl iHirt ol Uu circiimkitiKt I Vtnni nliith fi 

n i tiHwb iLnfwi Uto n^AttLinumkmMi of \uiuh would jubI tomh Uu 
II Imib flm t rt UiHi Ul IIuiby VrO* mi nUten in lupiHHiiig 



V lilt iiiAMiir 6i irtutnt i i vim uv»r rii m 




nt ( 


nn 
i } 


tliiLilii ttiiu ( I idl L I I I I I nil II ui t RK rlinfch lii 

lUinntidiH mal li> till i 1 1 I i\ n I r li I l iIl uii niintuu 

(IlllllUmi ll III \ l I II III II I lit l| tl 1,4 i, „ 

\m 1 III! ll ilui t I cl I III ml III I li II I I It t 111 |inrilli\Dl 

til im I I I |H lit I ii|i n I \ii4 f rt l t ii u i 
II Vll 1 ill III t iiUiiiil fiiilui III ll M b ll I 11 I ] iirininr 
(III ll MU ll ajiiuoi ll ililuift nil I iln i I t IuhkUim i u i uuJ 
(0 llu Ldi (.opi by HUB utiiiK llit h n/i mil cliiiii 1 rul ill uii ilu OiBiniUr 
UII I till. Dear idiUBiimm Uu iXUnui limb I \ n i I im ili n ir 
i ll p ml <i ibv will R limb | an I Uim i Ut m b> brnifiii^ iliv I mb I \ iiu up 
tu ll Mill limb III lilliaiit potR nil V u imd UiRl >tu liivi gil Ui nt,uu\ 
ll 1 1 u I > 1 1 1) ti tNi III I Iclij It gli uiiironulcr it i | ui bv 

Ml I II r iib 111 (III mi i( 1 1 ( r III ll tm plan md 4 li n lunpg ihi 1 1 1 c 11 
\ IIU miBi I ll iNnllil I iMtiiig III I llu 11 a, i| n | ul ili linl r la 

Dcuiitmui UiKniia pirtul iiiUiiiRl ((lit ti Um I ihr p 11 n 1 tu m 

ilia liB Ldiftaiiicul llu It limb'll iliwii ubirad ilit Atiiiilitm Ur I \ 1 f ni 
Uu ludiui of tlio win ami you hav« llu tU-danci of Uiu* Ktiuri at ili i i m 
ll tlip III! bo BO IK ar in Uu bi riAo that lU vcttiul ditiMlf r la ab mu n( d I y 
nb uuoii Uuii irom Urn powuou of Vimoa compute (*17) hum miul Uiai 

aodaubuactUuiiHMiliamitrr 
of vanua (ram u Xu iboaa (dutituti whora \ht mi ItlU can U t tmmd c a 
tinuc to obwrvc ilit bwniiK of \ uiu li im iJu u in i p ui u( Uii win a bttib 

till llial ill laiKi in 1 UK luii|,u 11 1 v mli n 1 i tl u i up. 1 u h ol 

UitirttnUrt llyuuiBiii I ib v il 1 1 I II il I 1 1 | , , 1 14 I Uuw 

buHil J(li< i( I Ini lb ri I ll iiii 111 It, ( \ I II Ul 1 dm 

auiii iiou ihilmu wrliiUiMilid riaiimun U ml vu t luvi Uk tiou, 
dinuglimionakncmuigUu Imraiv mm nit \ mu m k Np|A,i„i 
you wiU know lu lUnu > w kiirw fi ( 1 nwouliwl i mpuip iho 

angU itv, Uiutfort lu Ui nf.hiRi|U I itiattfU tU v 11 kn » ( ml Uii 

Biikit twh lo find (k ibt ItatiliUiiK r ]uir I || 4 idol ivutwtiR 

ol UiiR kind I c ninik llu 1 u ui il die r i\u mil 1 lu ibe U t <b i imi iumo 
aciutaUl) K dit uU opt bi nuunu I m a p hr au « \ ill ba mure 
(Hmvtnuiii 


66(1 SnjiiH) Ul iliitmuc (d Vcou^rrom tlu nn c iiltr n jv U imnlby 
awiMimcronuUiaJiiKHlitulIf |,ou ucawn i(u bri m in-hiM 
dicliiiiioiK 01 by Mi Doiinnu bvi I d id j i 1 bni ntunv 
meUl' m coy ll uttm ra ir«iR d^rfilroMPfp Chap w Ut t U die 

drawlbogwaturrl /CA iut 
and U pwllU lo m Xlum brnnig diicnmood ibo ddt r u 0 «« cd dicb 
nauoitaol Vanni ibe m a ccaur, and the diiluim id di.u nwbr 
awaONoiia multiply X>4> by the cowoo of /( dm 4«i a d 1 Unati u onlm) 

I ' 
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V Ml t r C r kii « lU th r(4bio trt iC in Uie ii[,ht nngkd tiiangic wtC 
\ 11 Mr fBf 111 di uuite ol Veiiui (rotti llu HiniH untci being iwict, 

tik II an Ithi timt Itiiwtcn von get llic Umldi tmuc f Aan bciuio ilaving 

1 I iniim I Ui drftrtiKC ol Uir ngl ( nsciniion ind (iLcInmUoni ol Uiosun. 
nt \ in ii any turn )on may full thi dittiuiui of tliui JongiUidti b) 
Ar\ 

017 rho lurallix r I llu rum fiunilW irnu it cl Vluiih bung dtUimiuod 
from ihedifkniui of llu tiinoH ( Ui irniuilH nl (wo pliuia the coiidusiou 
tullbc. m 1 1 am rate wlun llmi dill mici iriIu ^tiali ( iiOHHibli llu placcH 
thirtl r n Ik rlir icn for lb t io rb uvnlionR hIiouI 1 1 1 upon oppoRito men 
dims nd iidi tli it ll i niid lie r I the iranni may bt whan Lh* lun uupoii iht 
mm liiui for ti i Ur ih ne circum«tanc.(« the JngiMi at one pltoe wjU bo ten 
cflcnied an i the egreei reUrded increotlng tlieroby the time of the tamml 
and the ingnm nt the other plica vrfll bo rotirdcd and Uie ogiM locolonlfd 
bv which (he lime of the Iranill wlU lie diininlRhed) tlio difiifonco Uiucloie 
cf ll lime ol tlio Iran iti nl iho (wt {diccN will Uiuh bccunio Uio giul 
rRt Ae the (until mu I b oliMivcd under oppiMite muidiuiii itmuat liippou 
m riii Uv It one c ( (he f licet and il idhhi ot the other) die plioo tlioiofoio 
wli re It luppciii m (lit nighl muttlu to ncii to tlio north oi loudi pok lo 
cor ling lithe Uclmih u 1 llu mm liitiilh oi kuuIi dial Uu. nigiciw may 
U lUun tliilir llu iiiMit an I die egii a llu mxl imiimng idlu it iimt 
It n e ihi iranmia ol Voiiui which happen in June no nioro convonitnl Uion 
tlioM wliu ll liappeii in l)ac cnibor litoiuio there lipt gwil ohouo of nUiaUoaa 
towaide llu nortJi pole wliUli ii nol Uio caie towirdi tiio loudi l)c lUiroi 
made ■ inliuk tyaoHingtill Uit ijor of (ho plinoti oiblton iheifliw nd® 
of (lu ecliptic (hit (he ixia of ihi ti|uolor waa nluilod iniload of iho eotUtatjf 
m U Hy u ingtbirafore die dilltitnco of Uuao Iwo aiiglct iiiiluul ol Uuii 
nim he made llu riifleriitco of (lit Unua of Uio Uaniitin 17C1 seen at die 
( angc and 1 ri Ntlton (two pluii rcconiimndul by liiin loi obaoiviiig Una 
(ranml) longer bvJB Uian il ought hr conipulcd hy l)i ItomiiBYj neo Uit 
[ hit Inmn I ( i 


lotUlfnmiic it hJial Counfr/ra rta Jugiut atid FgrMt «a ttlfWIr 

0 18 1 le vale Uie uofUi or louUt pole of Uia icrreatiial globo above ihe Itpurr n 
I qual to Uu «un RdccbntUon al the timt of the tnnait aecoiding as Uio d&cli 
iiHUon liOorUi or aouUi tiring Gctenwicli foi loiuncc to Uio moiidian and 
aa the indeBte iwelw Now for ihe ingroaa lurn Uie globo and sot It to the 
hour (ho happena and (ho globo will be in a propor poslUon f6i that 

time the aun bomg \ortiCA] to tliat htniiaphoie of the oaiUi above Uio horl/oii 
I (he gfobc riic bcginiuDg of Uio iraniit J|p thorofbio vinblo to lliat liomie 



IN 111 ! rn\NHiri ci i»nnH\ am o\Mt nii us \ dm 

‘ijilit.rt lo ll ( |1< II I I till fill nail 1 lit li n/ ii lla in 

I Ui II II III II I (III I I I III It 1 1 ft iU Inn It 1 I 1 1 til I i 1 

ill ( phi will ll f I I II 1 I ill It 1 / II lit lilt I III I uiiig 

util ill III I ilii I I ll till I f It ll III! i 1 ill |li hiii^ nil III 

II III 11 ll II ill III 1 I ^ t II l^t 1 1 

s f ll III I \ 1 1 III 1 11^ III f^l I t ill inn I ill III lilt t ill iiti ll 

01 1 pi ll I n h I I 111 It III ill t fit iinu I ( ila ]i r / it i m ml) 
<1(0 bII Uiu t |lu titli r ll till I II I Ai tin i util uiil i llu r i/ r i 

•uinKinU ll lla It 11/ II llin iliir lli mill iiul nit it ViiltJa|lim 
uiitlii lla nan lian ui tlio i nliia Un ii ui^l i nl tin utt I Ik at iMttv u cl I 
liiin ill rmiI It lla III lix 1 1 till liiia c I tlii igrcM uiilUi ijt 

mil III \itlii (u nil (III i uiiiri itBlnvi ili lioti/cii lla pktti Uiiik uml i 
til nuniliiiu aru tli hc hIuii Ui trail it mil ai la hi t 1 1 k t ii 1 i Ui 

aii/ff I ncniiurili il Uti lini/ n la ilic jlat aim ilu i li t mini 

And undir Uio /Alt /i Mniitircia u( ilu lian/an li iJii)li ilittiliml 
u ntBun m 

iho umd whm any of ilane apptinncn bappin at an> atliir | taa ni > I 
found by taking Uio diilonnci bilwcui Da tnindiaiw ud toateriing ii mui 
tiioa nud applying ibot diAcnniu to the Uinc oi Chunabb 
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ON rill Mini \M) MOIIOV 01 

\n 0 I C OMI r*i II )l I h I m VII) iNcotiliu clIiiMts 

Ml 4»ui ihi mm n on »l il I ii i 1 1 ll ii 1 iil jt l in (ha name laws a*i 
Uit ilaui I I htf I I 11 nil I in i) in I i ni tl } afip mIi ilic niiii 
ft tUI 1 1 1 1 I n I ill 1 t ^11 I 4 1 HI \ In ll 1 1 1 rhci Ull Uic ( nnol 

II t fi I I I 1 1 linn ll I Cl II 1 ^ III and lanuliQi) ollion haio 

nigli i I I iii]^ ihi. inicldia or bid) it (he romol wiUiouL on^ lad Iho 

ri t tm iipliil i)ilii.n u^ipcm I comcii lo be like planeti performing tboii 
t%\ I II I m tftltl(im(« Aninmiii in Ini dial book ol Afa/con ipciikiii 
<t f It fti> Uiit ■ me of the Inlmua ciilUd l)ilia(,ouani any dial n 
( t n I (It / / » /I I ul llial ill > d 11 )l np) i n unUis afUi a long 

(fie nnUr itliiti i II tim ulu h lii| pina ol c I M/ Samev 
III III S / / I I Ml i\ \i 1 1 nsiUM oflbimd Uinllho Ccmv/iwoie 

h ll CM' u I ll II I nimng tin I Ian h on I hod ihoii piiiodi like 
ilioni S» \ I n ll 1 luMii Mil ll u I iln )iliiit nuna >( ino to 

iiiwktbl t mil I 1 V llliiinUb ktnia it 1401 ! dm alien milli Uiovoild 
U 1 M 1 I lit i*i igii iiftubQf iliobiM UiBigovornul Uiimi and foioloU ilialnfUi 
igi ] vn id I iinf dd all Uit hi ni/iAonea fie k( omiafudsd ii to Ailionomom (4 
ko |i ft I'll ilogtic ( f ibe lomiu iii oidcu to be nblo to doormmo trbeUior 
vtmrni 1 1 1 1 rum pen hI^ NotviibotiiuUiig Uiti moat iiitrooouiefil Aem lua 
lime III! 1 m II I Dniui cou idcn.! ih m only oi mrlooii ONiiUogin oui el 
mriplurr Itui lliftt Valron mir finding liom bis mn obKunUonaonacoroelt 
ilirtl ll lal no dtunud paraJUx [leu I iliim nb \i die moon Afltiwaidi 
Kiitra b 1 an opf irlumlv of oboerviiig IwoiomeU oncol nliich voa vgiy 
Minarkablv lud (r>m bit oUniiaLioiui urbicii aflndod tiiflloicul indicalioui 
f an ftimuel pirellaa be ton bided that loineti moved fjoel/Uicongli die 
] laiiilftry otIm ^ilb ft nioUoii not miitli diffoioiil fiom a toclilinoai oiiO( but of 
ill It kill I In cold I u >1 preii il> deiormine llivrnua embiaeed fho nmo 
h>p ihe M <rf ft riudiiicftr mou in but finding lita ealcuktioiu did not poifbedy 
■gm HiUi bi pb eivaltoiH In i included dmt the path pfn comet was bent 

III a c un bne w neavi lowarda tbi nm lie nippoied a comet to bt gone 

caUd in (hr ufimv^be re oi ft planet and to bo dui^aiged fipm it parUyby 
tbi rcH limp A tin pl*nK« ftud dun to molve about die sun in a jiaiabole by 
tb( f r f of pNfoeMoit and ltd teiiderfcy to dio lun in die nine manna u a 
pir Hvhb vpoli #4 Otrtfi « lutiiee diicnbei a parabola At luigth eame the 
ImmftK tuwH tn ttfgD wliteJi dtaoending uuu’ly in a light bno towauli the luii 

1 il I 1 I 
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flioac ngniii fioin i( iii I kt iiiMinrr \ I ti 1 1 % d il iiii i mi iu a ciiru aliciii 

tiu mm C S l)oM in Mil l 1 1 \ n i I 1 1 i Si i > m I ( rr 

\ ii II iipciUlii ( III I mi I I III 1 ll i 1 1 1 II I lit 1 I \ r\ II I |i( 

III 1 1 \ I I 1 I 1 1 li i\ II ^ ll II till II \ I i>^i r 1 ii \ V I 

r ( II III I IU I > \ 1 1 li ll I III I 1 1 1 i I U 1 1 1 1 i I 1 1 1 I u I uii 1 
irc I ciu III tl l\ III 1 1 I t I i I iikii ll I p liul I I i4ii I 4 I i iH l\t 

time I 01 ihi Uiaii It u 11 1 uh j iiI I I I li\ ir I f r il / 

in which unk Sir f Nim ^ linvii fr ^illlnl Kiuii law It ul h the 

mmmnid ih» iilmiti art n pilir I wi n iitci. art itn’ 4 f)it lut ut li ili tiry 

off,ia\Uv Itmimtflial Ivf^ll wi I lli t (Mti l «tff gn m I hi Uu aim Iju 
iilth I riMiiM ii|tn ihtin 1 n cnraKlt willi ho lliiorv 1 i 
It II I III l I It imtii lint 111 t lit I rl llrf it nolmtiuni 

Ida iirlivp rl 1 lit Ih 11 iMi ( n h i f f tf 1 1 ti ¥ / I 

BtUnncM tht I Ikuni^ 1 n 111 

tlriihino I Imvoccii 1 Ur d iIk cibil oft mi 1 t\ lit] mil h upm 
whieft MippoiitKm It would foil i« clinKHnnH Uinj* imp Ik'd 1 till ihi un 
hv n cnunpdnl fonn trmil t dcKtnd iti f^on lufluiuK di ( ini j in I by 
(IiLii to liiiliiig ncquiit mith t tclantt iw Uul tfiey Miy agwH dy ofTiiiiti tht 
runoiQit parti of lit* univtnw movtiig upwartU wiUi a |iM|>riQil undontY wt 
ainttirtoTatani again tsth^iim ihtYappiartlwiinmtly cnuifdi 

and imoi ifona <ff tham can Im Anind in mme wiUi nti iiv|it ib Aw mothiM^ or a 
notion iVnlUr Ihait what n rtmtl might acqiiirp I v ti griviti 1 1 ilto wn it 11 
higlily |iroluilih the v rather him t m \ n txctnlru ll|iii hii aiidinakt- 
tlieir rebimi aflii I ng| nil illim Ctrmilii nntiilp rt 111 d i riiiiiiaiii» 
and iKriinpn net m tert gn it Itrih the put I iw n iht unaiulcha 

fixed itaia » *n immen c dial dim I* iwm enmihti ft r a < mitt motvr 

though tho panod oflta rt tr hilnn be twtalv U ng Now di bht$ 1 r*M itf an 
dllpili 1 * to the him rtr/wa of a itambola whnh hai thi mme I lUnct in 1(1 
ptnhtlioii aa die diHaitoolii tht aphelion mthe (llr|tif« 1 to ili uhtk asii 
nif the tihpmi And Ihr itloc ibn arrin it aihUnplit ito rail 1 I tin amt when 
fbrt In ver/ ( t ntnc orhiN the ntiocome i r> iHartnar'iti ol ripitliie t 
Ind lha icrvmttall difA rent ou huh ha{ pen* on oitootH cl the gnattr vtlocity 
tn Che (lonh la ii mnlv oomptnnue^ m dttemilning Ui iluati m I ihw urfcai 
} pnnn}iel iiai dim fir rf iho labic of die tltmimt tf Ui irnHUOMt and 
thO^th Hide tel iiidiieed me to toiwtrtift it if that whenevtr 4 ntw oomai 
afetiilk%aar» wirrtaybt. iiMe tt know bi componiif i>giUt«r thr tkoKntt 
^ whamfitb#fmyorthiMaidiiohhfnai|K«fidliefdn andumaqiitmly tode 
tarmiK* Itt patM and dia aidt of ita ortnt and to fomil it n mm And 
mdead thaw am ngoy dmtgi which inaht me behove dwbihi v mot arbitJi 
Arran olwrtad m dtoyaaif lAij nai dia mme «ith tbeinNih Kamn and 
LoneKMOoTiHdi rdift aaouftlalf dMlIxid m Ihc year mmI whklt 1 of 
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ill liii\ c murn and obw r\ o 1 m llio >cftr \bSi All llio oltmonu ngroc 
All 1 n il in icm t ccnlradict tlin ii) opinion btv I t tlit incqimUly ol tin 
] II Ik r I luoiw nliioli inoqtiiluv la not bo gionl mitlur n tlialilniny 
H I Ik «in» lo phyiioal c uma 1 r (he nioli m ol Siluiit ih s) dialuilxid by 
til li l of (III pi met c. )Ki.i II) lupitii ihil tin 1 KII kIk. Unii of Dial plnnct 
) I IK liaiii (<v B»nu wlulv d lc|.ilh i 11 niv niii I lui ihcufiK mil n 
< met b 111(0 ti uihil urn miIu li n i iliin L I m Iiiiuh It ^lui Umn 
N turn anl vlio t \tl ti( tui i id but i\ i\ lul w mid hi nlli 

Clint i I I 1 inhil (r n itit lli( lu il I ]ai I 1 il m \iid I im 
lh 1 II M 1 II I I il II ol t II in|( tin MAI I loi tit ll e m tr i ir i 
in (Ik I 111 ir it L i i b cii ( iti|t icUuf Hide between iho oailli 

and il i II tell all r it a auitc iiuiimei win It (Itougit iiobodv nado oImo) 
vail iH tip It It >(.( from it« period nn I (iio munnet ol lU UanvL Icanaol 
ill iiK iliHtttnl fr in tlio c 1 bate jiiat it iw nuntionid Vnd Miui looking o\ci 
Ui liitirm of f m 1 1 fml nl nii (qniil int ivnliilnni aicnulltbavo 

Ikmi Attn al Kit 1^ I r tn lh Mar 1 vi whuh lauiulliu I iibk pcinloi 

I I Tc«r Ilf ft ilii t rn I If net I ilitiil lint) \uituu lo tucUll Utaln 
will re nun Mil III ill Mnr 1 H 

( Ki Dr IluiiY ( m|uiilib iH cl of /ii/Nt Mipin ibia oomol in 108J 
end found tli-it II « iMin t \ it ( ii I in nloiiui ni m cunoa pionce 
d which Im pr luu I U ituirii nl Uti onU 1 1 lh ) nr I? a ui tito bigintnng 
of )T/ti 111 did iKrt make hii eommilAUona with UieHimoidiaQoiiiiu./ hult 
Mill liimiitl (iifctttne inlaiiom M (laniiW cempHftti (ha allbofa both 

I I Hatnrii nitd Jiqtil r and found that iJia Ibvmff would lataid lu iMvtn m tbo 
he period 100 d»y« anl fho latter dll dayii and he dafnwilnod iho limo 
whin the r mol would ot mo lo i(<i pcrlliotion to bo on April 1 9 obeOiv 
tn^ il Al I mif.ht in a inonlli from nigUiUiig nmW quaiKilioa in lltc lonipu 
Ui n li ( a o I Uk piiihilioii on >(nicli 1 1 willun 11 days oi (he lime com 
|ii I \ I f\ iippMO (b liino aUUdby l)i lUrn y to incau ilto Umo 

( i pa o (Ik pcnhili n lli n t( wt a 1 1 1 > llial 100 days aiuing fioin llu 
I M n of Hatnin wimb lu c^d not oontidor il will bung it \iiy nuu to tlio 
iiitH in h II did pju iht pi nhe lioni and (iiOTohu oompulaUon of dia oflbci 

fTiipiirt have iMiiicivucumM If be maon tho hmowlKJl ItwouldAnil 
ipt ei hi prediction waavir) aocuraU Ibi It woi (tint toau Otl Doooinbto 
14 1714 and hia erMfuiuu m oi the clIUii dopter will thou bo mui^ nun 
r H tlion ( 0 iild Iwfi been espeeie 1 eoitndonAg (hat ho made Ins calculiUioiit 
only by MU indffirt mclhod to I In t mannet iflofoaiadl) oai vory nccunito, 
Dr IUatpy tftcrafnKr hod iha glttrv» flnt lo lonlcU dm ictiirn of a ceutoti and 
riu ttent aMMffMl PwnatkaWy lo liia pradietion* Uo turlhci obiorVad (hat 
Iht acfKv m the deaoont of Uia comot towoida ka peittobin in 

Difag would *nd to fnerem (ho inirliiMiion ot fM oibn and Aocoidutgly tho 
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MiliiiKioii III Kri f null ht fr il i il iii n imi \ I im I fi i 
((*1 01 (l)i I IN 1 \ Il m II \ ] f I II In 1 n 1 {I I I it 
lliii llitti^li \f I ti 1 N I nil i lit ill r 1 I J It H I I iiivi 
likiii udi nil I I II 1 J I II ml i) II nr I I I 11 tint 1 1 t n U 

am li liii I til III 1 Mild II III I kIi I | iiiidulilt it ilt I ilny 

an III \ ti hliiin I (lit li miii I il (Miuliiii til (I i i n iilthi 

mint (OiiicL uliitli n|i| nr I n IdH 1(07 1 <l| U ( r I I o s nd 
Iv fl lm\iiiff obNcn I Uul iht jthn l lu|iiUr \ nil u tli ncl i l n f 
tlio >ri II I lilt tomil to Ik |*aiUr an I tin | n 1 1 ni* r II t II l Im 
11^ lini Id tlmi lilt itlum lluuni t It r Itrd d nil <1 i I i i 4 rr 

III I |llllll^lM I I II ilii ill nmuM t( M M 1 If (Hui 

II 17 ) M 1 1 KII I II 1 1 I M III I li II ml \ 1 1 I I I kl dm 

I hJ Up I II It ( tlinl N I II il II H It It 111 I II l II t i II tti II ind 

U itiauiintid hilt \i ni in r li i k ( r il till] 1 1 i i III M um 

latk M I ixiir utid nook inllta liuuniliuan lli| i «t tl i u | m 
odu iimo II all ml (tvt >nr4ind fticn monilia lu^c, v tt « il ih il( rl 
a rvauoQ V Uu J kit inmi irT) Atttht i Uipa(t4 wlui h llit t ni l dch 
at I III nn alhtr) tact hint Vilranomcr lor iht of loluiloli n iij |mi • 
tliim lo move III ptrabolic orliHit (or Utaimtt taliuU Iin »abm Uio rt eh of 
obtt rviUony li^>frltlc(i thiy en vtiy tecuuuly Ond (bo |ili* # of tb* pc nh boo 
111 dliUHN from (9it nini ibc iiu liiuition of the plant »( ii i otlnf ( i w o bp 
uc andtiicpiact ol tiu ii di 1 tuui lit rtbi l ili d i ti it tirnctfUit 
oiliil of nt imlfr in I r an ii \ic nn l | in i li | ri dr |ni 
mKlliPinmi ii I b I hI> in a larol h i m \ I n t t i r i li m mvr 
ligilitin Se\ III (d tin | m t| k «l ih m n 1 I h I ( ii 4 u r of 
will bi provdd Tibi II «r( < oiiu to treat t ii Uii 1 hv aal I nn 1 1 f \ m iuho) 


On tkt Moliim ^ a liodif mat uakok 

tH Ul fPI/boApanbolB H iti ( cih // llii vtrt a / Ut pit if ibc 
bodv Iraw f Q imrptnditular ti and It} pi rpemlit ultr loili luij^cnt 
VI aUo SV pcriondiculat lo It) Now bv llii imptU) of ih j rabok 
to ball ilir lama r rium Iku c if S il ihcn Qi) j nl i tho 
liljjo i J) 1 darph rr if QO be fodiiia / « mil be tb* tiofinit of 

^ ^ V / Q will bi. iwie 111 I uaft nt of 

if Mmjit^ t will be the umniniof ( >li If the Irut NiKntuly 
lothoiidmi^4«l Aim bj tbt f roport}^ of iIh poi tbok tQ 4 Ah 
-JQ bian i AQmi ^ukofimuu IQP U Um 

bniQertfao Artt in aim th* km fSlI i 

Wow let a and 6 bo httii w whieb ibe coBktmwmflsooraf lo i/,a»l 
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1 M / lliin II i1 L an » Icaciibc 1 about S nic piopoiUonol to tbo timca 
I / / ( / ll r f n it/ ^ Jfl/— ib 

I I- 11 lit H uil tlu liut Rucmily bo given wo Jmvp Uio luno &se \aO 

h / M b tauwff b /' + / il lilt liuc. luiumnlj and conaequonliy 
/I gi\ II in dirftiini fniibutni llu limiH li rl suibing Uioao tiuo anomalios 

Ir 1 1 lb p nil boin will be in jn ictili n lu Uit liniti ul (kacubiug JO liotn # 

ih iirihilnni 

II till timci ff an I / 1 1 gt\ II tin line anomaly may be loiind (loiii 
II] tl (ill c|iiilt II / I / wUuU niD) lu douo thua In die 

niriiin),! linmgl (All\ii lli 1 /C-sf and oomputo Uionflnd no 

^101 

1 « I iiK in [ rapt rtioimU biUctn liC f It and li( And lllUi ddlLionco 
I Uu V lui 1 1 / 

lako the IliiMim if andwebuvo/a ^ x but/ 

8a 1 ¥t 

I hi btiKiwfrgtJ ^ J X I >c6 die vuinlionordio 

iru an m U m |k ii ling In any amnll vaualioii b of liniu ixproiHil ni dcu 

mall f t liv a I ilii|, oxpnxitd 111 daya 

04 1 ii w ii die miAit diilADco of iba oartli /W)m tha aun | Ihca tho arpa pio 

orUatirtb di tnl til ailli lliat lodfuii will b( fl I tl 0 > olfO iho tfod 160 

1 \ iw ihi V I (iiy III Uit panbola vdoutg in tho ciido J and 

the nr 4 ik irilud in dip amo liiiu i^ilt be in Uit mini lalio bcCAuaeal^ 
ill 11 i in in tub rill 1 1 in |rti|itndiPulBr to S/ Uii aieoa dcaeiibod will 
Ih 4 (lu. tel llu and ii lititth ^ > >» oo^ it mual be alwaya ao bccauio 
in C4 h ibtl r | ttlv ly quil niciui tut kiuilKd in equal Uiiion ab will bo 
aai rv Aitk f rmpil Hut dip tiinoa of durnbing any two oiooi uro oa dio Ainai 

diiccih and tbi aiwii dHpnbod in iho lamo tunt luveraoly f theroftna 

Uiaumcoi Uii revolution m (ho ouclomSd^d 6A 9 iho 

iimotfik rilbing .if l/.j"IOM 14A 40 Kqwaa Uia Innoof dcioiibing jid/ 
kJn • givan nlto to (he Umt In the (ircla wlucti (ai will be oAoiwaida abown) 

vine u A% thatri MP O if r ntht ponbdion diatonoo ^ any other potoliollt 
Wh&va l' 14A 46 90* Iho time of doaenbing 0(/ |p ihotpn 
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ir 


iniwin flrom tlic pcnlich in llrncf kiioAinc ih i n r ) n1 t iin 
tint AnomnI) m llinl I uitlKln ili p t h li ii I t n i i i il 
tone p ndin^ t (lu nint Iriii nniinih iii i\ ih r | Ul I t i ||, 

((;u)tJino ol (Icvriiiinp 90 tir i li nii i i n 1 1 t ti (m 

niuiiiflh therefore ir II Ih the iiiinti lel In ir j u I i \ r t\tn 

nmniil; In that pirabolo hIiiu |Knli I in I mi i mi iv tl ii t| i 

till luut /corrtripQiiiliug Ui UiLAiim in itulv i iliii h ^ h « lUui 

u t thii mo^r be roailil> found ihti Mi Ui| l\ the I * i t n 1 I m i u 

II and to tlu quotient add tliu liqt n wi I tin iini %ill Ik tit I i iIk uhm 

1 tpiiiitt IIiu I il n Ih r r I II M iht I ^ / t il | 

ilKtuillii I K iiof till numb r I I \ c ii | i tu || h, | , 

III the pantlold \ hiMi pirilulii i litii i i In ij ti i hiIU 
loimd from the fable at llic mil cl UimCIi |i i mIi h I t i ili i m 
iiRponding to Uia inio iiioinal) f r inouuutUM ti n tl pi i I i iha 
jwcabola wboio imdidiuu diflatno i« uni|> nd, I Odo iniv U t i 1 1 
In Alt Qii II) ukiiiga^ion fli i* uid an umitig f I v i ^ iillinl 
mg die eoiiuqjonduig valuw of t Dr lUMar flr tconitnieU U I il I I 
thlalmid M (l»l»CAtti«^oIiait|«ditudo»mc»r«roiiv«ii4i»lfflrm b^iuttiq, 
the tMiM for the kmu , lltu. t^ch wt luwt but i^nm compou J li) M 


flW Dnm SI ptrpmliiulai I the uin ni ih ii s/ si S| Sf 

lliortfiic y^S'/ v^s / \f S) nil I /vy r'/sfih init aoo 

iiiolyi of V/ S / ri3 CO e ( true atioffl II n ii S f i uilit + r 

ii»W UlUi t ✓S/ ei » I Illy / I Ml 

io« ~ lltlKO y/Sp y/S/ nMun tut 


H4 


iitl IICIIU ••J"' I ''O' <««), Il . fcn Dm 

log 9^ mbtraU iwitx tJu log im y truo Hnomsl) ml tht rorwimkr t* Ihe 
hg ofilic til tonconf tin cumiifnnt itie aun 


no la FimyJDptrpcnriKular (o ttki^ JK AH jrodurr df to / 
IflA and^ ^/)Z ptnimdieulari /f mi ung // paiolUI t WfD m / jmn 
r/>»W4di»ir fW pandlol tl Z/f nim aO f/ t I ft t 
nfM W>cCtt)afc in fiMM. At no and f // nn n l atoi bv 

Hinllartrlff||l« €0 W/or/r/)-ZI/ A/J 

^ iitJ?//) ftoffiiihiiti ahtritif 
4 jttridwohavoOT+fff BO Pt nd too oftyotdHftrcnti SthO 


4 



VH i]» afoiiOM or coMtiir 


in 


^y/\i Mia 0 then v^V/ iQil Ittn 7? /i)3y^J hente 

Id k I iImI Mlg)c Ulitt 1id( Uk din unce of die loguiUinu of SZ and end 
all icj lu ihuindoK (beemn in tin log Uuiginh Uic index of log Ian of 4 
ur lug iliad ..1 ii 10 in undolo) ml ilgixci ilit log Inngcnlof tho an 
gl( \ from which lake 4^ nnd w linv i t/Sp y/S7 — md 

tan of Oiat difference 

n u il kiu« iw lain Sf \p anti lUo angle i '^botneen wo no 
can li I ill r c II iml 1 r I 1 1 li -fol /S/ r fS/# and a be fOiillSi 

. fS/ il i ' fS/ ~ 1 ind i ISp a i lienee (6U) y^Sy 

I 7 f a I (liy piano rng)o(Mi Axcoa t-uli Axiln t ooe 
« I uii axaia fli nfbrt y'S/ i </? v'SA-v^ijr cos ax 

cn m If 4 m ^ ^ ^ot g uin t Now tlio lebo ol 

Mil f C(H J. 

Ute two flr t Urui i4 (cm I li im lltc IrmI Atbili and ai Uioanglc i’Sjili given 
(hovilii rf will be pxdi heme wi linda and confo<j[uondy Wo know Iho 
mm «n 1 diffl rt nc ol / N/ / ^/l Ihtrc fore \to kn w Uiu angles themaolves 11 
p he oil till ciUic r 1 1 1 1 / 111 n w i know i l hnd 

(UD (fiKfi tw I dt 4 Uncc< SI Sp Iron! iht i cur lo iho cuivc of apaiabola no 

amt the engio botwttn the m to And Uie fiacahola With the centaiB and|i to 

and radii I s pH deaenlM two droulhr irev m flim» to which duw the ton 
gem At A; draw SritoritfftdKular to ai andlNtoCth nt Md It mil bd fhe 
xtrtex of the puabola f licnco wt may deaonbe tlio parabola 


rmw Me FhH uk if Ihe OHal qf a Comal to eompuk ih Blact at hm 

091 1 he clemrnta of Uie orbit of a uunot oa l Iho limo when die oomot 
pMm ihw DffibelfiiD fho plorc of tbo ponholioii^ Xlit^ distance ol 
the panlirhciii ftwm iho wn — t Xhoi lOaoe of the awondlpg node II k 
in Imaiioti of the orbit lo the eelipUc I^om UiMo domeuti tlio plate at any 
Itmemav bocomputcdi and for example wo diaU take Uiat givcji by M ilc 
U Caiilt Jn bM \atroBomy lliecomttm 17« which waiioUoginde pontd 
ita perihelion on /we 17 it If m«n bmot tfao plaoo of the ponlio ^ 
hon waa in ff iff' 40 j fte penlidion diilonto wu 0 07J fl Uio moan 
dhaunre al tb* «nMh Aoift the Min bung umty i Uie ascending node WtafUi 0 
i fl 14 p muL JiKdimtUon. of liho orbit ss iU 4 1 to ooinjlrato (ho 

IT, i« W mow , 


1 
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Itl Jf U b( tit piiAl h oiliii ( ilu { II ( \ itu n ciilui n I f 

Uit, plac (f Ui ( ml / till coit 1 1 t tli nli ml trin /i 

IKiltMdKilii I ili l|i ] ih VN s s/ s/ 1 , t j ,1^,1 

A|)ii(n il (Jii li\ I I I III I ( III ( ill r iiiirtli f f f^il^ 

I Hu till rvalol irm If m tht ictili liim it iIk i,iv<n imr i tJi / 4/ m 

90 « 01 Ifi wll IH lag I I 78^ 1 7 hI O tilt llgit l )Hii1*M|IIM |j 

uiiulilc^ (Iromilu nature of Itigiuiilim I i hi ^UiHi nlitra ttil I m 
1 788 07 loftVM tmot lha lu^ m iiOyH m 7 ilav «lii h U il IJI 

amen to 5 o bi ja Uu tnu otioiwily t at ibt ^ivtu iim 

II Sul Hart 10 II J8 ft tin 8 tJ is H) llto |ilati rl tl \t lUUn 
Itiiiuili t HU Mil I iit/nil imlliil|M till jtrihtlim a il It I m 
1 I 1 lai ill It II uiifru I lai yi I ilic i ni i iii ii il i 

[I I lilt I lit Hu It f I I I 1 1 il I y I It I II 

fc lo H 11 I litnu rul i ptiH 7 4 M t II / I 1 I I 

till NffsR u 71 (lu ilutwo (tl lilt PomeUrom tli i tuidHiKii I in a 
•mod upon the tUipuc 

1\ Sultlraci tlua \aluif oi mt iioiu Uit pLua of |L» ni*k and Unr ranMiu 

18 it ru Uie tiuo IuiIukcdIac pUcoof Um Cfiuit to th 

ulipttc 

,, I*«t5 S' It lUI piw / m ii ii MU /W tf J 

Ii Ult, laliUtb attn flow ih lun mIh h i ituUi 

^ I Ilia till I lut / tl lilt I ill nl tl in I 1 1 I I t t l H k 

luiKt yST”li lb nit /SrifSi /St i i 10 it 

\i( /S 1011 

VII D/Ait (Hi toi It 10 41 rati ( t a S/ j 17 
Mil Aarad eoW Si li jr si 1 j ♦ v, l Jti 7 
l\ Id Uto uouiglt I St wafcnow is At and ihi ineluh I atigl fSt 
ntnoc 07* plana I ntiuiicmiftiy an find ihi aiiiHr S/i '*• / 11 wf »Hlfh 

aubiiaciod iVom i «i J+ 8t , tht jU t d Uu atm Uiui i a i 
lur tin ( onif i a ton /toemO u hnpuah 
X B) Art 178 M tin Ji^ 10 if am 7*" iJf at* un I^SrsiU 
*7 Si tan I Ip ih 4> a tbc comol 9 iru ^ itorm/rk kMnAt 


tf ^ (omH flm 01 nntm 


.y.! **** *** pw*". wW* Iw «■..» /mMmI 

d(^UimA ^«dalofaaofliKiBa/bt ooloiniftsdimildffrptdtttra* 
uonii but alUioogb tiai* dni ba ntf u«nt, tfw Jtoatt aohutiaim* tbt pwMcti 
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Id impwtiiftble Aaronorntrs thcidorc Iiavo solved tlua iKtoblojn by imhicot 
intilmd (n*<t fiiidinj, an orbit very near to ibo tiuUi 1 > mcc hamcal and ffiaphi 
t d (i| tmu iH an 1 then I v touiputation corrocting it until aucb a |iitabola 
wai tounl m would saiWv tb« obseivalions Wo Hlmil thoiefoio bcf^in by 
bowing the rntUtoda by winch the oibit may bo ncaily dctcnmiied and then 
p'HiUui the manner ui which it may ho coriciUd by calculation 
c 3 M dela r win iiip hcs Uk I llowmg muthmiitul imtliod of hndmg 
flit orhil nearlv Divide ih tli imct ol the caith lioni the Him ui(o ten upinl 
I flit "ind lie riU t n pirdoliM whist jtiiluh u list me h aio 1 2 *3 

I ll pan nil iiviU llu t p ub lui ii l il i)S limn the puihelion 
in « iiiiffi lb nun lab il\ nitnt,h let bo tiio aim a b c tlio im 
plan 4 I ibt K irlh nt llu linus of three ubaervations ol the eotnot ih^ii tftko 105 
Uir I c o mtrie klilltdcid and longitudes of the coma andaetofl the olonga 
IrofH Sff SM Vr in longitude J lom o / c OKtand tbico lino tine ads cim 
l» /I vrelual to «r It ct inukirig ant Us with them equal to (h« gcotcntiu 
I tuii h re petti tlv Hi n ink nn\ nt ol llio paiaholaH an I placing its 
I Kill m S j H llu Iki i llu tint 1 1 and tihsuvc. wh liiti ) ni cun luulte it 
touch Uiei I <11 III I whellui llu intervals ol time cut oil by tlio tluoadfi upon 
iho p II ibohi lit tqiial to tli icsp itivi iniiivnlH ol tlic obHeivalions oi voiy 
tttariy o an 1 if ill eciii tnslu tali pin y u h ivi llun g nten (he tuio 
|»n.tabok or very rieuly llu tin iit Hut il llu pm diola do not ngrti tiy 
other till vtiu had oniv which docs agcoe or very noaily bo and )ou yiU then 
iMivegoi vfiy otitrlv tht truer piiniholn> yhose intUniuron placo of the node* 
and perihah m art to be dotenmned on accumiely as possibU honl moniumflonj 
(dW| iJu pr itra^tion upon tltt abptic II none of those parabolas shou!d ueaily 
iiHwcr It ilitUA that the perihelion distance must be gieuloi than the distanoe 
id Uie M»Ui bwto ibe sun in hIucIi ease otlur paiubola« must bi tonsti ticlctl j 
hut this does ruil very olU n hoj pen 1 ln« nu ihod will dtueifinne the tIcmeiUH 
uryii iriv hut it would he txli niely titmhlosome I > oonHiiiiet and tlivido 
so many parabobMC d wt only wanted to e impute ihe olemenla of ono tomet 
hir iho I who purpim. Ui make many coinputaliona ol tlua knul it mi^ ht be 
worth w4rle tei hair a note I parah la« thuii divided Co avoid tins lioubl 
ilurefori we piopo lo do ii in ilie Ibllowmg nuunitr by means of one paiu 
\mU w irlmui dn i Ung it 

t I ih a brill I iar<l p rf tily plane end (l\ on paper foi the pHyulKu 
lot ttj^r (VC bfrtul lutr flu tdgt aiul ll\o pt rpeildre piers he luoviubh mil so 
that ihry iiwy bv bwt «* arty tudanets let <1 lepresent the sun uul dtsi ube 
ttin wtmbH^dieirth ttlmut rf (tnipute five geotcnUit ladlu Its md longl Tdu 
4(.(dt »l the ttmu t, Item whu li you will luwt the, live elougiiums ol tlio ontiot 
etf llu tw I Hi thd tppeetiie observations Drew Si s/i &J 

mtkmi, Hit wght /W ItSC^iSi) DSl equal to Hit un s ineUott m the 
I $ V 
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niuniihi ol tlio dbiorvaUciii^ and on nny out ol (he cii It mnk Uu ongl i 
Sff )if Srr Sdf ^ equal (t (Ift rr |HcUve ticnf lUiui iii Wn^UuU oud 
ii\ ihi Am piipcndiLiilHr nr that ill t Iff ul caili i ( v t(in ula with i ^ 

I 1 roi 1 Lho point* o I t/ c ttitn I thrci N to th rt | ctltxt pttp ndi 
fiiliut mukiiiff lufflit niih tlieiliiu tqu d 1 1 Uk fff<m nint l«ut4i(ic*o( (ho 
i in I lilt II fix ihe locu* of Uio porolitU in s on I rtplyiit «dgo bo Uio 
lliiuiHi and il ic ian be mado to lou b ihtm all ii will b Ui« ]«ralKdo ro- 
quin, I conwpondlng (o Uit nun di Lutio So ol tlio urtb wluth wr boro vp 
fxne 10 rovolvo in a ciiolo m it udl be uSkttOLiv nteuroto It r our purpow 

II llio panbobt cannot bt made lo touoli oU ilio Umodf chit 40 (ho pc mu o 
b { il r ti mull f till utliir iirtlic 11 )ou may judgp liooi \oiir pre^ni 
UiaI Mill Ii III L 111 civ Ic *1111111 tl All I try iffun 1 and by a few rt'piUfioDj 
}nu will ff t Hii ti I ill ixnri I r Uit tartli ihil iht |urabitt ilioJI tmieh all tho 
threads in wliicit ]ii 11 111 hiilih 11 liiMiiun obi r> il pi iii of Uiamod 
and mmiura tlu penb bon b uiict toinfarid null ibi Mrili idtA(«nwi and 
you vnll git very ffoorly the ob mi nu I tin rbii 

a Iho next metho I of afprouiiMUnf u Uio oflul el n ronn vibich wt 
Mo ihall tx|iUiii t that ffivin I V IkHc ticn I««b Mm ilu lb# orbit of 

1 07 (ht urtli wippo>iod to bi 0 nnl 1 / ilie pilot pt (ho etitit at (he Itfff oh« r 

titnn oAdlatthotfalnli dnw /( b to (ho obiof^ed 

the cooieit end lei / / be Uu longiixidt 4 at Ihn (lr«t ok ood and ihinl ob 
RonmUon*! m and « Uie gicKciuru Itiimdt « rftli i met 1 ihr br t and thud 
obftn ition i and / i (be inlorvobi of iiiui h iw m «lic dr 1 an I mil 
(dnd and Uiinl obwrvAUoni Amim f (bribe place 1 1 the c tmet at Uu dnt 
obtorvition ndu td lo th« ixbpuni Utrn m dcicnniiit (I p p mt 11 Uit (hied 
obiorviUont ny i-/ i^mn I / Ft k and t will bo tHOily ( 

tho plifie fi.qpfftdi join Ui nod il vtU (vpnMl; Um pnih i 4 Ui lOMti on iht 
oiliptioi upon tm Mmption ttepoodutiUr (0 ib* rih( no drew CK tk 
ukbgCif rC tin m mdiu^ ondrh * Un 0 mduM 1 Join Ai and i( 

will npreeont Iht orbit of the tomet iTUto Ont tmipiioii br tmo 
China and draw .ry piroUil to Cir and y wdl Wetel Ad jmo yV tel 
dii)tbinirtiboUicintinnJoa^o(ilwririhiniiiorid(,ili#tc 1 odl} oTihi 

comet at y J*’; tahing tbetefbro on TTk oompirte ord IT tbtii 

UiM^toJEi(iine«mredb/Uieica]o (be enuMed point C won (bi tniy point 
^ 8 ttfcffitMeqiiwiiiloibonoteqbi),iMiiB«om.wp^tfhr C uidoiiiff wbicb 


fhiflOOHirainwti 


iiett(wyiinMiAi»t«edNtpandn h OtiwMatw (li 
(Wn a npcte lU yn^t^ialw Am Ai igil*, Md (be IW lit Mi 

**“•''* 
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the error of dtc 11n4 MRimption will diroct you winch ki 

Rmsd pmnt <ft mu«t bo Ukon anil about how far fiom it if fhi initaiioo tho 
coini uud raluf of be groatcr tlian tho touo valuo and iJib Jmaa CJI^A aro 
dneri^lnc ffom ciob Mhoi and locodinp; Aom tho lun the point C nhut bo 
lakLii I irthcr from T| and hew much hiidier wo itiuit cot\joctare from tho va 
lot ot tho VTOti end atao fVain henco Uiat tlio voloai/ of Ute oomai dunuiuhui 
■i It reotdfi from the auu J heeo toiindoratione will lead ua to make a aooond 
■viunipUeii near to tho Irolh Having Uma dtlcnninod tlio uue polnM 0% 
\ f) nearly piodiicc e( / A to mcot nl AT |olii and it will be tlio hno 
ol III nnd I Draw f I r pirpcnhculai to SA and the anglcn Af C Aer 
will I i uni Ui imhimUii ol Uiuoihil liom Uic two diatanoos Sf Sc and 
tht Jiiglo Intwc II tlio parabola mey bo (bfO) oonitiuetedv and ap^ed at In 
til lo^ t modiod /Vom wliJch Uie Cine of pauuig Uio poiihcdlon nay be fbund 
e U Another muhod by wluoli wt may loadily gel tJie oibil veiy nooily u 
hia Let S be die lun / l| three pinua ui Uie caiUi el tlie tiinoa of tlio 
Uire obaervationt eaten I throe Uirtad Jp tn m in the diiocUoni of the 
LDimi M directed iii Aruilt b i A umeaiKinii p in Uio placo of Uio 
ooiMt at U» Wiond ob«it\eti m und meuauie si/ liieu if Si si aadtlio vo 


lot ily of the tirih bo i the m lo( il) i f tin conicl ol p will be ^ 
Rpreamted by 7/ Ui end upon any ftmiglit edge / ^ lot oil Mta 


lot 0 bo 


na 

166 


end rtf I ibpn P«»‘t • w *“• ^ 

try whtihtr ton oMt make the point r iMl lit 7}r andlhepihrtdln oty ifyou 
liiid Una un not bt done Uie iiTor will dirt< c )on to mumo endthor dliiahOO) 
end liy a wry ulale t mi will Hiid the p ilnt y where tlie poluei y and rf WIU 
fall mfpm fhl* tieUiod w very eai^ m praoboo, tnd auflclently aooblBitf 
to obtain a ilwtitke Sip IVom which you may begin to compute In eldti to (tod 
the oitot motw cc irto Uy when Uie ewnr t fi( not too near w Uk eMr Ui I have 
Inmd Vrenperlcftco 

r 7 lUviibcdmerm(ii#dfhep»Febetoi»eiriy»w^Ai*etoai!toi^ 
wv M Wnm m me drat afid teoond tOmnOotur endfteaee ojwwUUie piece 
«t UtoimiM at Untor drtioi, atidelie die fUMubUttoWif end^dwdutQ agioe 
with the ofttf^ved UHciwto yieil«iwgot»piiM»lt7«i*i8«ewWittowe 
(tut tbHummfirUn dnKdonetegtoe, eHwottoePtheitouniBdtpmbthr 

ncl thi aMMMM •M* M« iH<Mr Mil «« • MMtok lyM 

•«k a» wn M 
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fhcn IPO how thif igrro ttiin ihi iliir I cli tiin llihvdinttror 
rootion must bcirtitk ly prep rii i iiilU llir I re i neiiMI m «rr 
id Vbt thii uill be Ij I \| 1 III I L I i \ ii 1 1 I fl lit r | i tJu 
llsnl which la p-ein I V M tl li ( in in i i \i i nlc^|l«nih« 

inolliod ijt t ni|)utilnn ntirl Ifi i tn rfihe U I p rai m 

C B InUie \t I I li M /\ oin nt IkloKoi lira I ihr loll ii rWr 

\itioni oil tt lointt when III mem lime i r lu li th n r I u l 1 n 

liotll llib(omctuldiUUii«ift ttiaaTviei lolieut (li« mid lit 1 J m m I Uirtr 
Ion It muni bive betn in lu porihikoii about ihoi tmi 
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019 I rom them obNcnaitona IH Uu^ nial ol ch# roenH br drtmnuirtl n d 
prtgcited U|iMi the rii[Ut ai marlv a^por ihlt If n if ii tniih t' I dn 

eaphdopd and hi \/Ih iIi pi | ii n I \ il ii j 

fhoa I iho ttiiiHl to Iw f iriendi lli mrti I i IN H I lit im | 

thil whicdi waa hni pio|ir> Ih Sir I Srm ii * a U I \% ii ii| for 

riKht lion anaUter r^t bn »Ui«iilitpMU ti r (irliriet eiul 
but IhiB pfobUm n unUntlAl loruneiiirw fh t inuaitfihnl Ik 
llilflMbirdtt ifilMdnll^IlKllpO liw iirirrnlM. 

MUuum oonot WttchvM \iioiaO,«»MiikhlitbrHl itMhUhi or il«.c n xn 

lltmoQlno JoQgitiiile «w ftiufid to be B t« n ibr ima U euib 4 m 
li« dlNtifioo (ram fbaemh mt iO dua the tmn a m% urn «bMf^4i4w (tmu 

iharanMiOl m ThraUnu fawic which lie eat moiWK 

on* of tho^ Ibnok of Ihi obaorviii MM might haw Imui mw t nwt 4 il 
m 11)0 cornu pa wi ng (ram nonb lo iMth Utitwlp hr Hr wgh thr df 
««Wni| nodo bMmn July bt aad Uk eiorr^aii wi 

JovPOi Wi lod Augintfl, 10 Hod (ho mnoamlphi e wlm ihr «miM M 
^ bmod to ho on July o( rt (g m in itnw nt ih fM^ui 


¥ 
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0 I t4U( liotii ill carlli vin^ lOliS ihc iittutal time bchvuu 

1 I I n li() iitiv initinxl 

i \ i> L fill 1 a |»ral)ola Avliiih iimwinii to Uiuic luo limes on May JU 
aiil lil> I I lali Ui plucoMlu inriii in August b it imtlniglil mokotbe 
a ol I'ty dSA oquflk to till mill n of UiLiuilli 1 (in May 2B al 8// 18 and 

ful ) It BA (8 u Au f ol mi liiif^ltl III I uU i S/slOliB and SAb- 

1(11 1 Unit Hill I III I A I tin. (i ]K(Li\( iil(Ki,s t till (.luUi at IIil Iwol >i 
I inn 111 III d U tiul s; A \A 1/ iquul L 1 1 3 10 ml 0 
U Ui I I u I HI ml ill! I 111 ). Ill iH [ till coiicl aiulA^ ml 

Vf itn il )i I 1 1 ^ 1 1 III I im 1 on til c liplK and N llic 

n I M 1 1 il (1 ill bn I SUiiulSY and mqqo i tbim la 

h( t I I I Kt II I 10 00 

r 1 /( / (/i I ftt SIA 9 00 S\ *3 10700 Kow in tho tiianglo 

^A 1/ \ litv \A 1014 S If 9 00 and Uio angle SJtil/a 30 9 0 
h n lb Hiigl AS t/ <31 i B tiincli sulilinciid bom Uic Ioii^jUiiIl ol 

A n ( li 10 Icavi'i I J (ui Liu liUiocuiUic biigiludt ol lli 
t nui 

iilH n> \(l ( II m^ SA If 10 j 0 sin niig AS^/^Sl 1 8 

un^ t I I I t 1 / 1 1 Inl t I? IJI And (piano Fug) 

I bl In i 17 4M III ml bn Sflf'*- 00 7818 HI Uil liuo 

( 1 1 ill ( f ll m Mr I il 1 III 111 lb \ I iiu ( I 111 arbiL 

I rill 1 ttitiit (III July i I 111 tliu iri m I Sf Af we ba\o Si al0148 

s\ 10 pn tndthn ifylt Sf V Jl 1 $ 10 1 bBfloe the angle / SAf-' 

Ki ( vh h I Ini l> the lingiludf of f s'fO 0 7 lO'^givcid 97 

I I t t f I Ui( Il I (K. ruri( I mgiUidf of the comet Now at the comet is 111 
It n I i ( ^ I V ii the Ihk difUinu of tho oomet flom llio iuHi and Its late 
lu I n hir r 

( il \iUtc liOkinct of the lulucontnc longiludtsoribecomolis 1 7 
411 44 3 i the* 40 art M ^ iquel to Uial quantity and make a ttpbuical loan no 
glc t iPfUlil V wbiMt [urpuibcular 1/m 15* 17 the cornel a 170 
lKUtB 4 iiinr Ituiudf on May 8 1 end Me «JI mtaauro the angle deeuibod by 
the com I h( ut the un in tb(.inicrvel d Ihcac two limci now lod ooi JlfM 
Ilf «h 44 e« Vw 4 If 001 Aw-lJl 94 48 
get Ucm 4 , if ^ 1 e tht true porabob wbU b liio eomet deiorlbeR about ^ ,0 

thewo' •^litvofuund SM-10700 Sma7aL8t$4| and dleang|eM$MA 171 


« irih fr ilidwaWeNiHtwiaafesloe fib tr hat ate ml Jirb{Ht|il^r 
a efl d IflMfS ifWli k U I etOa baft bar a I ul t I id ibn f 1 b 1 ^ t a 1 lla 
• iwlart b If V I flr a rlfirflf I iw I In* w mn (1st ( W») Did 

L,^ir^Z«lsM4iaf d adil ^ MfgfiifAiN /V gisidkiak 

•hrliibff sa4ft il uladlie (A/ mdlbaftHmaarls 

tie «**(•“» • aithsoilc# ui 
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II I ifi t« Uti^mimc lilt iiiflti 7 Sin /SN nnd iht* ptr litlion dji 
ni<H /s 

era Hi \i1 ( PH I Kt I 4lf III III! I ni*c of 111 1 of nod Si| 

Mhidii 0(HSJ41 mil lull il nl \ mini nu lOOuHJn nlmbu 
IlKhxiAi III/ H UH ti I niwhch milirmi M lol ihtr rrmuni 
1 H >1 lull ( (f+i) ml uuj, f a II roi 4 i IMS V fff 

J\ 12 III! 7 ♦ ^Mlmh II f lomniiff Utt 

Mini mil lifltronwof /9A /w woflndi^SA 7f* »< 9# and nS f 
4 f i{8 5*1 the uot tnomilu 

(fM lolliil S4 wi hit (OK) rid toA.| fUn 4t 48 i 
iHHi ts ff 0 7 ihc immi dMUinco of iht larUi htm Ui un b«u 
iOiNio IluL i w t ill illut liimr imii) tlim oonso^ ” 

( J Voi i I il It Ilf ) tilt itiimbor a d«> f orrMpcind (o Utt anouuUM 

I n /'ftt I ri I ^ wi 1ft 4781 and 7 i/» (i 

iimiCOMiflj logofou 05w mid UiPlig ff tji (I 0® wo hmo ihi 

I R or 01 fl w di>Y‘r ilu bn fiom mini/ wlinb tltotiid havo bnn o U^? 

II iKi Mi mud, nuke • now miiiiNMUon * ' 

I I S uiypiwtim IitSAZ-fdoOMdAV iC^OtatMAnv •ften 
piontding w belbrt Uio lulfoeooine loigflUiilM will be fbotid tab* f li 

(libkri[)(in«|ianilin|tb uhnliirt w m nt mk, u. | 

/M <H.I II .nil,,, |,„„„ ril. K T.1 

ll I lim I III ilo \ I on di\ 

17 i;, 1 1 111 . r,n.,,W VI/ ,hi,ml lun,„„i |o*„ 

divv, ilKi. lun, hv (hi n,l cl 1,1, o w, b,. ,mn,|«, 

wnunginllutw pp|»*"«) « vl/ ,.,h,||,T«» 

loaltoiiliy 10 ftliiMoadof too wp 

Ii„i\»fp>a, , r«m/ ,<n v\ ,/rtxi. ikpunm, 

pwc dinif Ui( litliottnlfw I npitulmwinitt f iiml i U t 5 <f o af .,1 

I toi Ok Ui. angle wU t ,/ p ^ ^ ^ 

■" '“I 'kkg * fM»KicW>, 

bmtf vro i>i\c tiu Umr fmni n to at o caif iLut wlith » « pi> * 

^ IT kUhiaH.ik«>Mb 

N ^14- M 0f au ke Mm baMunif 

kku on lU o,b,l tk. Sm m •« IrtU 
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i hrnce(0t lo log of ndd iho log of 74 00d ami it gives 

ill I I 41 Of 4(1 VI thetmieol di cubing llio an^h iS^ subUnct this 
i o; i I ilv 9 1 a/ ilio bmo when Uio comet uai in ils nolo niul it gives 
Juii I I 17A K) Ui4 time, when tin. comol wm in Us puihilion Alio us 
IfM tjn 6 4 andilfni^t 5 i Uio angle A/A Wf JO 10 

thr inoliiMlion oi tlie orbit 

( i tcom Uiost domont coliululo (6 i) llio groccnbic longiliuleol iho 
( m l U wimi oihci umt nt uliith iLwnsohsciv d ( n in Imcc on August 17 
01 I4A GO and ii will lit ( lun I ti hi m n (i 91 dilltring JO liom (b 
•on 111 It il ( pirib In ibcittor does nol soUaty ihw tlmd obsinvAUon Wo 
miMt lb I Of t nnl i oiioUici lupp union 
U i / j ' s pponiwi I ot S V^dfOO tnd A/falOSOO Thou ptocood 
tu( B< Irlm tha holiooentrio longitudos MO 9 II B 9 indO 97 47 k 
lor Mov i4 Olid July • the Kutuido on May 98 k 47 17 40[|^ Uiolt^ 
rilltmatSoi ^HJflL44 tho onglo 48 17 A^>4dK76 10 0\ 

Itu <.oirn)i mkog days ( Loblo 111 ) ora 89 B<1Q and 77 8089 and the logo 
nlhm oi S 1 t 8948 >8 \ lionet Uic tniie flrom m to Ai^tt08 OG8 da}i 
tti ibis lupi ( uuoii tompirod wiib Uit flrat diovii that by mcuoMing SH 
by 100 tbo umohvtboin introiwtlO itdiyi) litnte 0 18 100 0 ^61 (Uto 
d(f rt i tl tim Iroin Uit flr t iiippiMlioii) Bt the quantity b) Vfthitli 6^ 
ihmild hoio Utn incruutd m Uit Uni luppoubon to havo made Uio lime 04 
lUy lli*ocf 

678 tffik Lot YV«9900 and SJ^rH 10704 Iboo 111 boloio 

tfaa roifortivi boboeonoit longltudoi wOl ba fbond lo bo 9 19 9 9 and 
O' iT 4/ / {UielahUidi M* 17 4fi'ii tbtldgadthniof ^ai8, $06148 1 
Uu iogk 0 .N I 44 9» 94 A'A /b 70 19 48 i tlif eottoiponding days 

(liblo lU) ut 19«0I4 Md 70 6971 Uie logarithm oi SA m 9 891988> 
how the UDB from m to A nOi 099 doyi oniwtrlng oYtromoI) hoar 
070 OttUtimm (OTt) Uio oihor doinonU of Uie orbit and wo shall and tho 
dootiiiduig Bodo inon 47 OBT o^t diopmhclioii in 8 is 99' 8 p thotiino 
of the pWHge CbfWgb Um ponhohon Junt 10 at 97A 47 | and the lacUnaden 
90 IT 44 

tip Wtih thiw ol«De&te> eileulale (891) the gtooontno lenghudoof Uio 
comei on Aiqiuii 17 at I4d. 90 ind i4 will bo /ouidlo. a 7 8 89^y whioh 
MPMd«tbi*^obiorvMioiibyT 44^ ^ 

001 t4ow ailhedOfmUoin made to tim diilBiioei WA&r ire vary noarfy 
hi Difiwstion to Urn beurm.n Ibo coloulotiehi end tho ebieivntieii% 

Wi h^i to f 99 4 T 4 r (the aim of Uio oaron or diBbioneoo betooto 
too ml obaemUoiif) 9 99 (ftO ohm from tho third to)r 

mUoit) 90|9 enA 04 (to# ooMOtomo nadA to StAf Itf) frOfTOfiAd 04 
to* ooitwiwBi BOtoMuy to h# a*do to lotoiy ell too omidttftoi If too 

9 
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indtiiuiilud li^cn of tlic huik Iiiit lli li t i iin mu f liavo b cn Uiur 
Jilliriit ( 

CH i up|l\ lIu t iKtii Ml tl I n tl ( fr 11 r mf imt|( tlif rom 

I III lUciis \ till lit hi ml I ill 1 M/ M t nil It 1 ilu Ihirl iippo 

ill >1 ml I hill III lilt lull llurilnr win l 11 / Inni JO Mid 

* I 1 I I S 1/ mill ill i( iIh time. III!) ummii ili itic id\ H 
to SJV 111 till lliliHiUpp «iioii nnd il fpice W icrit With ih ^\-ilu(i 
ninki *1 

08*1 Suth *nfppmim lu M/ 5 17 s\ to f unjutf » bf, 

ion and Ui hcliocuilm lonfciUit(i.4 uill bt imiit I ( 1 U ^ li 41 11 md 

^7 14 ilulmila 4 f I mMiiM tin Iok ml m f Vm^ 

isHmij. til iipUiiSi 1 . Ill \s/ n iht hv ^j^blfl 

in ; t ri I iiliiijrK I lull I li <faml/iii ilu I irjnihm ( f SI-- 

IH HHHrt HiilUi 111 ir m/I If \ I f j Idtt fltnc it m itit ettrmi 
IcinciiH avlifin xplaiiiid ilu plur i( tin I ^iiiliii^ nud 1 fnindt lx 
iiiO J7 84 14 tilt pbu of Uic* pinh lidit in i tj in m thi ^ 
iliniu{Hi lilt panlHlicm Juno H it 104 Ki miwitlmoi iht luibruunn ol ibf 
uhit 1 I- 4t uni ill inu pldti of tb< tutnit (OTi) on Aii)^ 1 it ii 
iW loiiin 0 87 iu wlilii4 u 4 kwIhUaKtidt iiinf^bVMytK 
viUi UiA obHorvitUonif 

084 Whoft wn enmtiiUa to iim hn* thn hj onttHioni a^* with (bd obwr 
lolioiHon \iif«ii I 17 HI iiii^il I It f iiipir III I mill nuil rftli bo 
I mile mid II Hill Ik h I u tl f h lit nth blliil ^ m f 1 1 1 llixq Uw 
liii^tiiU f hull Hill h PI fiM III I tin iithiialitii f Ih rhili vuviutfulor 
ibU nil I til I nitl nrii ihi iiol 

(H J U ilw happen titnl Uii no It d » mi hi n mar tit t n tlun ibal 
ila plaoi can 1 1 ionnd br ni i| jlatum aJut findiui^ tht bt t irntnii l»n 
hi liocinlnc lalitudta and lonvititHt 4 mar li tb iimh iifilibn{i 4 i tt in ) 
tht placi it ill node and du inniuialu n of ih rbi nut b f un I ni tlic tmum 
tinu In ihia ca t 0110 of lU fli a a ruined uiii I x iuh f r\ Uu piM^ md 
poiDt/^ itinl of ihc tiotU bill lint makrint did r net in ibi ip nlim ixtrait 
ihai Hemihi iliin (ompuit thelitliiH ntiit lamtil a ihn xh riint) ft 
oidir in gt* till diaUniec of Uia a mi 1 ritun llin un an I tht Hn^h ri anlieri 
dbuut Uu win u cnpltunn 1 in the first upp rtimn 

«0 An ill e imeta do nni m \i in pinOxib . » hut in verv txtinine cVipHa 

i4Hiinpo»blo Utfiiid aparaboli agnMiiigaiiHnuIr t ihiadaii iiviUU 

lumoMtbMlforo Hheo tiijftnr mv ikhHv If all 1 1 ^ \ 1/ jrVtynn 

nad. the anuU in diffar wyoMnadcnUdv bi ni nh fiancn tl vrmiKirifmi vdl 

iiofr give ^oil fligMi Mluii sglbtlitclp M4ft lo thit laar voo mun 

igain dia M| 0 r uid irvfitai npecaiiaitt kill ih n nb 8 mn ihr* i«an|mritVM 
ilKiafpxoviditbjohMrf^m^ ^ 



O'* Tnr uonov of co'vin 


IH7 III Art JQt ii li ])iQ>cd thm if you iiicitino an) oiio quanlily riktiif 
htt fr in mIiuL a taUuUuon ii lo be made by n ^ci) amall quttUly tlie losnll 
ill \ 4 ry III piopurtion to that incaiao IIiiico tlic louwn of Uio whole ope 
ralJuiiniUb iDUilcit fnm ihii 1 abU 
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Lnor in (lie intortal of rUmt 


liroi in long di Let 


QBB 1 lit uppuMUoni A and 7) produce an oiioi m also -i o and il pio 
fluci an (rrorif hcnci Iioiu w hoi wo hate jual now explained OBtliodiner 
into of the rtviUa m kn (attuidniK aa llio crioii aio ofdifloienlor Die nine of 
lu nona) mwl vniy aa a varaa min m a (ho qunnuty by which wo muit 
■lUr ^ In order to dertroy llu (iiui m oi to make die anoioeO In like 
manner (he auppautloni / and 71 t Apiuduu oncrior* Ihucfoio tn J:i m 
A # Uio i^uiJibljf by wliuli Ji mutt bo allerul ui ocdai to deaUoy Uie oiioi 
« lltiuf wo btvn Mi two auppoaUIomb or bio ptmbolMi whiob wiUonawer 
the flroi oobdiUoni uat la o^ (bo dine Kovr Aff the aoiond oondidont the 
(bird and RAh luppoMilQiii will produce on enoroTwandjiria^eotivelyi one 
of theae auppowiioiu iherelbre muii be ooi rooted lo that no error nay lomani 
in iJthor rondiUon i lot Uiiielbio A A ^ end J3 be the voluoa of SAI and 
Sht to aatJiiy both Now 1 allorod by produeei an edbetm loi it ooiieola 

(ho whole orror ) benofi m n ^ the error that would bo made by elter 

Ing id by i and M 71 altered by $ producoi an oflbet nit aim 

^ die eflkt that would trln by altering Jt by I*) hence that no eiioi may be 

prodoeed hi the time in the diird iitppotiUon by adding to id and if lo 

J9 (heat iwp iffliou tliui produced muit doab (7 aach other or*^ eso 

or^B llfiiMi d^t no error may bp made m the time lu the thud nippo 

Bmon» by ftltfwhy Iht iialuei W and 61/^, the inoremenla or docremtnlB htUM 
be ID the nbo of « ij Uda wm done In Art 69d and therolbre the dMioOitt 
dibon hflll renani AiUUled Kowthe obanging of^<f« 10 id andofl^teJ} 
vl (qgotber produce an eflbolf«±y aoooidlngaallieyBreoidlArentf orthe 
voi r fl I 



oil rm uortoH of co^irt 


^anuf alkcliutii I hmcc Ui prntuc tii cA il i ti lodrlit) Unltriw m 
L he tdicl » lupFtporlion ti Uh I mill 111* t i itii 1 /I j *-p 4 And i g 
niKU ihuc rr 1(1111 la I ii|[li It /t mid /} lo (ulAl iht ^tiiHlcandi 
tiuii 1 niRkir l)u iir r 0 nnitli nl 1 look pUit m Art rti llinrv by 
n liming SI/ Iv 1 iiiitSN /? h* b jUi irr r«iir il irtcl Aliliougb 
(T / H r an Rniiivrtl la 4 and /? by Uk ngcn v >(l it ttu l bi uiidffw 
Kioo I (hal lilt il^n miial Ik* y rr— m.c^urditt|t U> c ircum (mu « 

( BO Whan gre«l tcciiiity la roqiiiird «a miiat uk ml < cum Itioiion Uio< 
plUct of abcmuon and p^lui Uit ibrnor may bi lorapuicd by An 
and iIk Inner by inking thn honionUl pandlaa ihal id ili mu b 9 ibo 
dialnnc of (he mm Utc iliaunc i of iho comtl and ihon finding 1I10 |Mr«llax 
III Inliliid and I in^ 1(11 It a foi llie |il in l 

1 X On Align i Jl 1 rO i Uio diurnal mi non ul a t ni i wu r 1 m langt 
ludt, and 91* in laUlu It an I lU di inn 0 from Uie roiib ( 1(17 II nto ( itt) 
the abifrauoit in longiuidi t id and in lauiudb 4 I 1 belli 10 bo ^uld d Nov 
tha appaniit tongrtude wia 4/ 1 il and lautudo J 9 4ft ) banc 0 Iht a|i 
paroHi longiiudo eoirtoted fbr aUrmtion «•« 47 f 4f and latiiudo ^ U 
4th Alao 0 067 I Ik 76 17 Iht liorutmial pRtlUft ffuKi ihoiaral 
laitinloiigluidftMi«ind»be4 lb bn addftd to Un tnu to Uu ftmiar«i 
loAgttuda, arid ai iha Mk. knguuito (by cotnpubriiini) waa 47* / 7, Uii to. 
paront ought to have been 47 7 1 h nit Hie trror m I ngti idi «a ^ 

AIm llto 1 aralloK m laUlude aai lo u> be a 1 1 1 1 1 ih iim i giu the an 
partnlialiinde anU tli (rur lifiludt (by t mpuiainnj 1 H 16 ih^ 
•ppamnlnugbl loliavi kin ^ 14 i( litiui ilie tir r m laUiu 1 vaafft^ 

6flO U w onUvmelydilHouli (0 doieraitm bom e< minitaftoii iho fAbpde 
oiki of a oomolt to any dagrar of leiunirr i (nr wtun tin oHftt t» niy 
Uio, a very «naU emg ip tbi. olMervau m wiU 1 luuige i|io i m|Miud ottoi into 
aparaboh orhipccbola Non (Vom (ha Uiiekiic 1 andiniqiMliiy o( (hr aiimv 
iphoto witli whicih Uia lomet a torrounda I It 11 lo drufwiikt irfth 

any gnal peedtion i«han uibar tbi. limb or tentar id tU omm i itan ih» wm 
at tho ume of obaavauoii AjkI line uniHUainiy Ui iho abwreaiioo mil iidh 
]aoltbo computed orbit Ul I groat error Honu it happened ihiiM ttoicioii 
datonnined Uia orbit ol iho oomat in ITW to bn an hyperbolt Af Fomm 
ftdt daUniiiiiod tlu ume lor the coma in 1744 1 but luvuigiimv d num 
(M!M» dfetocvaUani, he (outtd It Ul lift an alHim Ihi fnnodil UiouMiat 
in 168P appaaiur ftom ohaaitotjpo to be m year* adnib M Kotint W 
hM oomiHitoUQnt dftaiaaUiAll to rha only ufi* nay 10 get iha 

period of tiomal^ia to oofopim tbealamaw of all tKoae ubioh htm lnmro» 
pMd •n4vlM>»,«aliKiaiVi|N*ni7»«l,7waiiremdai*tlMik9^ 



ON mi MOTION 01 C0U1TI 

«ri tlimcnh or thi »nu coincl it bomg lo cxUomd^ inipiohnble ihiitlio 
orbiu ol i«o tlilkrtiiL tomiU ihoiil I Hrii, llipmtnc nu Inialioni^ic Ramo poii 
lieliQU diiRtaiici «iid llio placci of tlio pcillRlton and undo iho aainc IJius 
kiK wing lilt, penodic time Vto |^cL Uio m gor nxia of llic cllijm and the pou 
luJion liRtRitee b< mg known tlio ininoi am willbclnovvn AVhon Uioolc 
dvnu of iho oriiiti agfoc Uio cnnitUi miiy be Uic mine ullliougli the poiiodic 
timtt ihould var) n little aa tint nwy aum iioiii tiu nllruoLion of Uic bodus 
III curi^«m and nhicli may iho niter all lla otlui ikmcnls a liUU ‘Mo 
havt airr idy obwrvrd that llic coniol wliuli np|Kaicd in 179 ) had jIh pouodio 
timi incic I c I tonsil rabh l> tlio nUrattioii nl fufnlti and Saturn Zhu 
(.otnti WM ^ n in idH ni07 and I 11 all tin dcmonbi ogioaing excoptd 
liulc variali ii cl tlio pen nlii. time Dr IIaliii otiRpocied Iheoonieiiin iflfiO 
to luivc b(pn tbt aunt whldi appealed in J1O0 gn\ and 44 ytmia bdbio 
( MRtar Ui alM coigeciiirod tliat the comet obiorvcd by Ai iarjh IdlS waa 
ibf lame a tliaiobamd by llivkiiua in inni il ai n onglil lo batoie 
Uimtd in I f JO but it lias never been obati vi I lint M Mi eii vtn having col 
ItiUd all U c obM rtaiians iit 1 9li and cnlculalcil tlic oibll again femnd it to 
be Rcn^blv difleniit Iron ihai dcUniunod by Di lUriFV nhiol) loiideia It 
Hiy dmibthri whelhir Hm wu tlic comet winch appealed in 1601 1 and (hie 
deobl n incnaacd \\y Us not appenmig in 1700 ilu eoniel in 1770 whoOo 
puiodio time M 1 tun loinpuied to be g ye am and 7 moiillia ban not liceu 
otwrved MiiM fhlM oan be no doubt but Unit ther iniUi of ihla oomei ibr 
the ume ilmt dfaeimel belongfd to in oriAt whon poiiedla flhU mi that 
UhiihI by M I vai b ai the domputiuoiN fbr neb an Ofbrt agreed idvdl^treU 
wiih ihe abnrvaiiona Uul Ao levoluuon wu ptObaM/ lettgw before 1770 1 
lor a« the comet paased very near to Jupiter In 1767 fti poiiodtc lime might bo 
eemibly tticreaMu by ilie aciion of (lint planet} and an Ithni not been obaeivod 
Mnit wt may coigcciure witli M Irxtii that having paw^ In I77fl amln 
Into the ajditrc of aenolbk atlraotlon of dupttor n new duluibing force mlglit 
prabibly lake place and deatny (he efIUt of the otiioi Aocoidlng to the 
above iUmenu Uic comet would bom oonpmotion wiUi Tupitci on AuguiUflt 
17 1 and iu dntanco from Jupiter would be only rlr of iti dlitafioe flom the 
aan oonecquendy Iho lun a action would bo only rt'i limoi chat of Jupifoi 
^het a change rauit thia make m tlie orbUl If the comet leforned to Ibi poii 
hditm in Mmli 1776 II would then notbo yMblo See M Tnuirr a account ^ 
in the PktL Tntu* 1779 fho elomonti of the oiblta of (ho comota in 1J64 ^ 
•nd 1916 wdet n nierly the ntne fhet ft ii vajr piobable It waa the aame 
eeneli ffae H might to ippearigetn About (he year 1646 
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Ifn ///(* \ ilai III / 1 iii 1/ OvM / 

I II ( omcUaiviiuLM ibli (ill llii> lonu mlo Uti |)l«ticliiyrtfcimi ilww 
nr(.iiiriouiiili I uidi n vciy ditiK Mtm« |tb(iv m I iioin itit lU o|i}to«U I9 
tiicwn (lay Mnd forlli 0 Uil wliicb iiiiittww ai (hn cumctR|t|irMilivf ^ |Hn 
holion tmmodiBUly alloi wliiili li 11 hngt ( Hiid moA lumiiau^ and (hen it 14 
Kcnwaliy a liUla buit and convex lowfcrda Uuwe |taibi 1 > which tho mniti la 
moving I Uio Ud Uien dooiueaa and al laai it vaniahm Stimeiirac^ the (ad m 
obaei vtd to ]ui( r n llni hfpiu (owarda 1(4 uiLrtmity ^ at (hat did in I ?(i 9 Dio 
Rmollial ataia an Kcn Ihr High ihi ijd ntitaiili tan ling 1(4 immin (liicknMi 
which piovudial Km iiinKc r inuit be cxli mtl> c u% Jht opmtim of ihoan 
aeiitpluloHpbcn an! (( \ui 4 iaii» liini ill m Uiti U» UilMavcrythin 
aoiy vapour anniigicom (he loniet Aimx t aii an Irtuo and iKhm bo 
htved (bat Uicnin • ray* being pcopagaiod tlimuKh the (raii*|MnM brad uf iho 
comet wore lelbotcd an id a le(i«i Hut (lie o( the lad dma mi an wer 
to OiKi and moreover (here diould bo lomo ixfloe ling aufwuoci (o render Uio 
nyi viMble in Idea ntoitiui ae (hue niHibt du t nr widM dm abmii ina 
^i^immdor^tori^r ar l|glu.m kmy bo 4 cmbe«i|i t*iKof 
itindlng dda woyi ibom KgauRwppoiiad fbai (henn of ibi f^f.arry 
awoy wmo of ibo grow paiu of ilie tunii i tthieli r lUtiv ihe iim « u\ and 
givtwUicappuianccof a (ad llnnii <(b ikIi lln (h iIiiihi t twria qI 
(he atmoaphorc. of a comet arc car h I bv (lit I rie f die btai ind dmctt 
fiom Uio f lu |iail and each ai I e f ilit c in ( loworda Uir (iii 1 1 lunird frena (b# 
wii Sii I Nawnm ibuika, (bat Uie (ad of a comet 14 a vtrv lUtn vamui 
whiUi Uie hoadi or nueleua ol dir ooottt Mnda oni by n t tn of i iHat Hu 
luppo^ thitfdieu a oomotia deaoondnig to It4 pcnbilion dc vaii«ip br 
hud die coma m rvepool (0 tbo Min being rve fled « >• b ir^nd 
•idukeupwidilhimdmraieetlDgpirticl# 4 e(di wh^^ ih< ud ivr mmnrd 
u air r^id by boat can iea up (ho paiuelca of wiokc m a r buanrv IVk aa 

beyond Uio amo pliere of dietoniei (he ndiarua air rmm ^ 9^ mn 
tMffloly nw he aUnbudw aoinetbing lo (bo aun r cay* cany ng »ah ihtm Mk 
pi^ of die abiUHiplicri of (he coma. And wfun (he (ad 14 Hum fbioMd. 
i^^uucbmi gnviutci to»arda(htiuo,indb> die pr grtiUe Utru Hre 
ew^edbontfbe comet iidaciibi 4 in aUipietb^t Uu mn and emninuiM 
Itew^ooeeloBtoihoiaotniof UmM vapiura ibai dmtn^ 
a^iaieiiift,BMlUi«ift»0(d«v^ wUiJ4i*beiii«d».i. 

«f the nm m edJi^^or fnevin mtbeueb a afam nuHion a« it caa atW 
ftomdiciotauonofd»«meboutiUa«a. Thewaro tin uuataol ibomie^ 
elibetad 4 inih(,D(igbbeurfaoodoriboii^^ whur the orbit bat agnaur cur 



ON TIIR KArUIUi AND lAlU OF COMI M 

vAtui And tlie comet inovu m a dcnit r nln^dicu of Lite sun Tlic tail of llio 
romi t ihircToix l)rinf( (ormod from Uic heat dr tho aim will incifaBo Ull it comoa 
(Oil perdu lion and decrean aflciwiida Llio alinoaplicio ol Uio comol ii 
il mini lud Mlht Ufl iniieaaca and n least inimodiaU 1/ aftci tho comet has 
pt 1 ih ponhclIoBi trhert it aoniLlimca appoaia covued with a (hick Idack 
gmnke Ai tho fipour race ivu Ivio inotiona when it loaves tlic comot it goes 

on with tho compound motion an I thcuioioUu tail will not be turned diiccUy 
fV m lh« sun but iliclino fVom it towards Uios parts which aio left by tlio 
comrt \ an 1 nutUiig n itli a mall u islanco from Uu alliu aill bo a little 
curvi I \Vh n th p ri tu r ihir 1 tic u in llic plane ol Ilia coinol s oibit the 
curs linn sill ii i n|) ai I ho vaioiir llius rarcAad and dilatod maybfiif 
Uai •rati nd Uir tf^li tin heavons and bo gaUiored up by tho planoti to aup 
plr the 1 lice at (Iuml fluids whuh aro ipaiit in vctctaiiun and oonvtilcd Into 
earih Ihii tsiho substance ofSii 1 Nvwioh a aocoimt o( Uie laila o/ oomots 
Agunst lbs 0 |imni Dr IIamiiton in Iiia I Inlot pineal Iivye oltscivos 
lhal u hav n proof oI die cxisiuic ol a sulni nlmispluu and if wc hod 
that «h n th « met is ntosiiiir in its | (iiluli m in a liicction at light anglej 
to til bre II II ( I lu It d d ( vaponis a hull Uion Qiiu parlaklng ol tho gieat 
fclocUy ol ihi tamd and being d«t spicillcally ligliUi than (hi medium iii 
iriiiHi ibcy move mu«l tifl r a iinuli gitaUr uiistaiuc Uinii Uio tlciinc body 
cdihi rotncidcKa wd Unicroro (iiglil to k liH bihmd and would not ap 
pearoppwiti to ibo ami} lod ilUmaids they ought to appeal iowaids (ho 
win Ahs)» d the igileRdar oT (ho ufli bo owitig m (hottfleoddii and rofloation 
of the SMB a ttp ii o^lbt bo diminiili ibo hm of Uif iNM MOn tfaroogh its 
which wHil I Iwsc thttr lighi nficetod tod rdhewd in Uho maonei,ond aon 
wi|UeniJy UKlrbnghUtiM would ho dimmiihad Di Uaiibt In hli daiciip 
Uon of Ihi Awwd Hoiaalh in 1710 aijs Uto aUuma ol light so much 
n « mldid Iht long Uila ol ccnnis ihal ai first aiglit Uioy nnglil well be taken 
for aui h And aHorwaitls this light aoems to Imvo a great alflnily to dial 
which du (lllusiaaf electric lodici emit in die daik 1 hil Dimt N S47 
I) do MaIIAN also lalla the Uil of a c iinU die auiora horealn of Uia ooaot 
ntn opiuon Dr Hank tom aupporis by tho (allowing aigumonti Aipoo 
tator aiidiiittna ftom ihocudi would aeo dio aurora boroaluin die &im 
of 0 Mil oppNio ID the lun, aa the tail ol a comot Ua Ihe miiom bofealu haa 
no cflKt upon iJm idani acen through it nof baa tho tail of a comot Iho 
atmonlimle IttMim to abound with clooirio mattor and iho appeainnct ol 
(ho oleUno moUer in fMttO leoxtcdy bko dm appeaianco ol ihc auioia boeO 
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172. 21. 7,5 
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95500 

172. 22. 46,0 
172. 23 34,7 
172. 24 23,2 
172 25 11,2 

1 96000 
\ 96500 
:| 97000 
1 97500 

y __ . 

172. 25. 58,9 
172 26. 46,3 
172. 27. 30,4 
172. 28. 20,2 

J 98000 
98500 
^ 99000 

' 99500 

1 _ 

172 29 6 6 

172. 29 52,7 
172. SO. 38,5 
172. 31. 24,0 

100000 
1 101000 
" 102000 
“ 103000 

o 

172. 32. 9,2 

172, 33 38,7 
172. 35 7,8 

172. 36. 34,1 

104000 
■; 105000 

•J 106000 
^ 107000 

1172. 38. 0,1 

1172. 39 25,1 
1172. 40. 48,9 
1172. 42 11,7 

V 

^ 108000 
q 109000 
^ 110000 
lllOOC 

1 

1172 43. 33,5 
>172 44. 54,2 
>172. 46 14,0 
1172 47. 32,8 

P 11200C 

’ 11300C 
114000 
11500C 

>172. 48. 50,6 
>172. 50. 7,6 

>172 51. 23,6 
>172. 52. 38,7 



Diffei. 


M. S, 


0 . 


0. 50,2 

49,8 

49.4 

49.1 

48.7 

48.5 
48,0j 

0. 47,7 

47, 4j 

47.1 

46.8 


0 . 


0 . 

1 . 


46,4| 

46, Lj 

45.8 

45.5 

45.2 

29.5 

29.1 

26.3 

26,0 

25 o! 

23.8 

22.3 

21.8 

20.7 

19.8 

18 .5 

17 8 

17,0 

16,0 

15.1 


1. 14,3 
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THE THIliD TABLE CONTINUED 


Days, 

Anomaly. 


D. 

M. 

S. 

116000172. 

53. 

53,0 

1 17000172. 

55. 

6,4 

118000172. 

56 

19,0 

119000172. 

57. 

30,8 

120000172. 

58 

41,7 

121000172 

59. 

51,9 

122000173. 

1. 

1,3 

123000173. 

2. 

9,9 

124000173. 

3. 

17,8 

125000173. 

4. 

25,1 

126000173. 

5. 

31,5 

127000 

173, 

6. 

37,3 

128000173. 

7. 

42,4 

129000173. 

8. 

46,7 

130000173. 

9 

50,5 

131000 

173. 

10. 

53,6 

1 32000 1 73. 

11 

56,0 

133000173. 

12. 

57,9 

134000173. 

1 3. 

59,0 

135000 

173. 

14. 

59,5 

136000173. 

15. 

59,6 

137000173 

16, 

59,0 

138000173. 

17. 

57,8 

139000173. 

18. 

56,0 

140000 i 73. 

19. 

53,7 

141000 

>73. 

20. 

50,8 

142000 

r.3. 

21. 

47,4 

143000 1 73. 

22, 

43,5 


- Dtiys. 


Anomaly. Dilici. 


Aiioiiuil). Diflbi, 


1). M. S,. AI. S. 


I> M. S M S 


, 144000 173 

14<5000 173. 
146000 173. 
147000 173. 

10,9 

A 148000 173. 
149000 173 
' Y 150000 173 
' 151000 173. 



„ 152000 173 
153000 173. 
7^' 154000 173. 
155000 173. 

>5,1 

156000 173. 
7^ 157000 173 
7^ 158000 173 
159000 173 

O A 

] 60000 1 73. 
^7 161000 173. 
*7 162000 173. 
163(XX)173. 

0,1 

164000 173 
165000 173. 
^7^ 166000 173. 
167000 173. 

57,7 

168000 173. 
'^7^ 169000 173 
■^^7 170000 173 
171000 173 
55,5 1 


23. 39,0 

24. 34,1 

25. 28,6 

26. 22,6 

27 1 6,2 
28. 9,3 

29 1,8 

29 54,0 

30. 45,8 

31. .36,8 


34. 7,8 

34. 57,3 

35 46,3 

36 34,9 

37 23,2 

38. 11,1 

38 58,7 

39. 45,9 

40 32,6 

41. 19,0 

42. 5,0 
42. 50,6 

4.3 35,9 
44 20,8 
45. .5,4 

45. 49,6 


172000 173. 
173(K'0 173. 
1 74000 173 
175000 173. 

176000173 
177000 173 
178000 173. 
179000 173 

180000173. 
181000173. 
182000 173 
18.3000 173. 

184000173. 
185000 173. 
186000 173. 
187000 I 73. 

1 88(XX) 1 73 
1 89000 1 73 
1 9(X)00 1 73 
191000 173. 

192000174. 
193000 174. 
194000 174. 
195000174 

196000 174 
1 97000 1 74. 
198000 174. 
199000 174. 

200000 174. 


46. 33,5 

47 1 7,0 

48 0, 1 

48 42,9 

49 25,3 

50 7,3 

50 49,0 

51 .30,3 


52. 52,0 

53. 32,1. 


54 52,3 

55 31,9 

56 1 i ,2 
56 .50,3 


57. 29,2 
58 7,7 

58 46,0 
.59. 24,1 

0 1 ,9 

0 39,1. 
1. 16,6 
J. 53,6 

2. 30,3 

3. 6,8 
.3. 43,1 
4 19,1 

4 54,8 


I'ABLE IV. 


(ONr\lNlN(x IHE 

ABSCISSAS AND CORRESPONDING ORDINATES of a PARABOLA; 

CSRI'II, Foil C’ONSTUUCTINC THAT CURVE. 


Abscissa,'. 

Oidinates 

Abscissaj 

OidinatCb, 

Abscissa? 

Oidmates 

0,125 

0,70710 

18 

8,4853 

48 

13,8564 

0,25 

1,00000 

19 

8,7178 

49 

14,0000 

0,.50 

1,41421 

20 

8,9444 

50 

14,1422 

0,75 

1,73205 

21 

9,1651 

52 

14,4222 

1,00 

2,00000 

22 

9,3808 

56 

14,9666 

1,5 

2,44950 

23 

9,5916 

60 

15,4920 

2,0 

2,82843 

24 

9,7979 

64 

16,0000 

2,5 

3,16225 

25 

10,0000 

68 

16,4924 

3,0 

3,46410 

26 

10,1980 

72 

16,9706 

3,5 

3,74165 

27 

10,3923 

76 

17,4356 

4,0 

4,00000 

28 

10,5830 

80 

17,8888 

4,5 

4,24265 

29 

10,7703 

81 

18,0000 

5,0 

4,47210 

30 

10,9545 

84 

18,3302 

5,5 

4,69040 

31 

11,1355 

88 

18,7616 

0,0 

4,89900 

32 

11,3138 

92 

19,1832 

6,5 

5,09900 

33 

11,4891 

96 

19,5958 

7,0 

5,291 50 

34 

11,6619 

100 

20,0000 

7,5 

5,47725 

35 

11,8322 

104 

20,3960 

8,0 

5,65690 

36 

12,0000 

108 

20,7846 

8,5 

5,83095 

37 

12,1655 

112 

21,1660 

9,0 

6,00000 

38 

12,3288 

116 

21,5406 

9,5 

6,16400 

39 

12,4900 

120 

21,9090 

10,0 

6,3245 

40 

12,6490 

121 

22,0000 

11 

6,6332 

41 

12,8062 

124 

22,2710 

12 

6,9282 

42 

12,9615 

128 

22,6276 

13 

i 7,2111 

43 

1 

13,1149 

132 

22,9782 

14 

7,4833 

44 

13,2664 

136 

23,3238 

15 

7,7460 

45 

13,4164 1 

140 

23,6644 

16 

8,0000 

46 

13,5647 

144 

24,0000 

17 

8,2462 

47 

13,7113 

' « • 9 

i 
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EXPLANATION AND USE OF THE TABLES. 


EXPLANATION AND USE OF THE TABLES 

I'vcLr I, lb foi tliL leduction of liouis, minutes and seconds of tune, into dc- 
tinnl paits of a day 

Bun Find, in the column of time, the hoius, minutes and seconds given, 
and opposite to eacli is the toucsponchng decimal, the sum of which is the de 
( im d fiacUon lequiicd 


E\ llequued the dtounil of a day of 17/1 27' 41' 


17 houis 
‘27 minutes 
i4< seconds 


0,70s 3 ‘iS 

0,018750 

0,000509 


Sum Decimal of 17/1 27' 41' • 0,727592 


Table II, is foi the 1 eduction of decimal paits of a day, into houis, minutes 
and seconds 

Bun Intel the Tible with the fast ligme to the left hind of thcgivcndc- 
umil, ludtake out its value in houis, kc Btpeat the same opeiation with 
the second, thud, ind the icst of the figuies, uid the sum of the times, so taken 
horn the Tabic, is the vilue of the decimal leqimed 


I'A Bequued the value in time of 0,727 592 of a tlay 

II M S 

16 48 0 

O 28 48 
O 10 4,8 

0 0 43,2 

0 0 7,776 

O 0 0,173 


0,7 

0,02 

0,007 

0,0005 

0,00009 

0,000002 


Sum Value of 0,727592 


17 27 43,949 


rVPIANATION AND U'sf Or Till; TABI^rs, 


thi 


Tabit III, of tlio motion of cotnctb in xpuabolic oibit, was fii st published 
by Di II MILS, incl since lugmuitccl by JVI dc U Caille, M do h L\ndi, 
and SciiuT/i of Ikilin M riNORL iccorapuLcd and cM-'iidcd the whole, 
so IS to mike it inueh moie complcie thin uiy bcfoie puihshcd iiiid 
lilely, M de Lsmbki , whose ibihties is a Cilciilatoi aio well Ivnown, has 
leconipiited the whole I ible to decimals ol seconds, and still futhei enlarg 
cd it 

Uhe peiihehon disl iiiec of iny loinol, and the time of its passage thiougli 
the pciihelion being given, to find iti tine inomily, oi ingulii distanee fiom 
thv peiihchon, (oi any given tune beloie oi ituei the jitiihehou 

Ruir To the logiiilhm of (ho pciihchon dislincc of the comet, add its 
hilf, subtiicttlic sum fiom (lie logaiithni of the time clipscd (expios&cd in 
J xys) between 1 Ik given tunc and (he luivil of the comet at its peiihehon, 
and Ihi leiniindci will be the loguithm of a nuinbci of diys, hud this 
numbei in the lable of the pii iboli, iiid optiosite lo it is the inomaly souglit 
If tlie given nunibci be not in tlie Table, a simple piopoition will give the 
anora ily 


If the chaiaetcustii of the lognithinof the peiihehon ehstancebc 9, 8, oi Y, 
m taking its half, it must be supposeel 10, 18, oi lY 

E\ 'The logiuthinof the peiihehon tlislaiiee of tlie comet in 1Y69 was 
9,0886 320, i( eoidiiig to Euli u What was its anomaly at 50 days bofoic oi 
aftei Its peiilielion ^ 


Xog of peiihehon distance - - 9,0880320 

Its h ilf 9,5443160 


Then sum 
Log of 50 days 


8,0329480 
1,698 5Y00 


Rem undci 


3,0656220 


Which IS the logautlnn of 1164,185 days Seeking this numhei in the 
Tible of the paiaboli, it is not found theic, but foi 1160 days the anomaly 
IS 145° 16' 4)9', and foi 1165 days the anomaly is I4f5° 20' Y", hence the 
elifleiencc foi 5 days is 3' 18", theiefoic, as 5 days 4<,185 days 3' 18" 

2 46", whieh must be added to 145° 16' 49", the anomaly foi 1160 days, and 
the sum 145° 19' 35' is the tiuc anomaly foi 1164,185 days in the Table, oi 
VOL I s Q 
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E-’FLANATiON AND USE 01 TOE TABEES 


for SO -ictudl d-iys befoic or aftci the j of the comet llnoiigh the pen- 

hchon 

T''‘’^etutc -’noi.E'ily ofa CO nctjfoi any instant, be £>i\en, and the iiinc clap'll d 
between tint and the passage thiough the peuhelion be leqmicd, li maybe 
found fiom t’ e same 1 iblc 


Rur r Scclv in the Table the g ven anom ily, and find the tune coi i c pondmg 
to it, tal mg, if necessaiy, piopoitional parts 'io the logaiilhm of tiic pt iilu ho i 
distance, add its half, and the logaiithin of the diys found in the Tilik , then 
sum IS the logaiithm of the time elapsed between the comet’s pisnng the ptn 
helion, and its aiiival at the gnen anoniily 

Ea Given the anomaly of Di IIai i Lit ’s comet of 1759, 61° 36' 97" , \it 
find the time it took to dcsciibe tint angle fiom the peuhelion, the lo- 
gaiithm of its perihelion distance being 9,766036, iccoiding to M de 1 1 
Caille 

The given anomaly IS not in the Table , the two nca cst arc 64° 29 47', 

and 64° 40 28" Ihe fiist inswen to 58,75 diys, md the othci to 59,0 da}s 
The diffeience of the given ano naly fiom the fust of these two tabulai ones !■> 
6' 50", 01 410" , the diffeiencc ol the tibulu anomalies is 10' 41", oi 601", and 
the difference of tunes IS 0,25 days , hence, 64 1 410 0,25 0,1599], winch 

must thciefoie be added to the tdiulu tune 58,75 di_)s, insweiing to the 
anomaly 64° 29' 47', and the sum 58,90991 d’ys, will he die tabulu tune 
answeiing to the given anomaly Now the 


Logaiithm of 58,90991 
Logarithm of peuhelion distance 
Half logaiithm of peuhelion distance 


1,7701886 
9,76603 jO 
9,8830165 


Sum 


1,4192378 


Whose nunibei is 26,25656, the number of cliys that the comet will employ 
m describing the angle of 64° 36' 37' on cithei side of the peuhelion 

This geneial Table will be suflicicnt in all cases to dcteiminc the tine ano- 
maly fiom the time given , but it will not be cqiully aceui ite foi finding tin 
time from the anomaly, foi at consideiable distances fiom the peuhelion, ( iiois 
will aiise The following little Table shows how fai the Table nny be used 
without incuiimg an eiioi gi eater than 30 seconds of time 
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B\PLANATI0K AK& U3E OB THE TABXDS. 


48 ^ 


Pcuhclion 

distance 

0,25 

0,50 

0,80 

1,00 

1,20 

1,50 

2,00 


Anomalies 

D 

130 

118 

lOO 

90 

80 

65 

50 


Beyond these momahcs, comets of the lespcctxve peuhehon distances aie 
seldom visible, and foi comets of a less peiihelion distance, tlie limits extend 
propoitionably fuithei Indeed, except when extieme accuiacy is 
this Tabic may be used fai beyond the limits heic piesciibed , and if the ut- 
most piecision be necessaiy, the following Rule will give the time flee from 
ciior, in all cases Tlie deraonstiation will be found in Pingee, Vol lu 

page 339 


Rule To the log tangent of half tlie given anomaly, add the constant lo- 
eantlim 1,9149528 , and to tuple the log tangent of half the anoinaly, add 
the constantlogaiiLhm 1,4378116, hnd the numbeis to these loganthms, and 
add them togedier To the logaiithra of the sum, add 1 of the logarithm of 
the perihelion distance of the comet, and the sum will be tlie logaiithin of the 

days from tlie peuhehon 


Ex Requiied the time fiom the peuhehon, answeiingto 144* 38' 28' of 
anomaly loi the comet of 1769 , its penhehon distance being 9,0886320 
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EXPLANATION AND USE OT HIE lABLLS, 


Tang A anomaly 

Constant - . . . 

Sum - - - . . 

Tnple tang ^ anomaly - 
Constant - . „ . 

Sum 

Log of sum of numbeis 
Peiihelion distance 2 - 

Log of days liom the peiihcliou 


LogTrilhms 

0,4965560 

1,9149328 

Niinjbt.1 

2,4114888 - 

- 257,0222 5 

1,4896680 

1,4378116 


2,9274796 - 

- 846,21275 

3,0430222 - 

8,6 322480 ~ 

- 1101,13500 

1,0759702 



Hence, tlie lime fiom the pculioLon is 47,421 diys 


In the following Table, the mimheis, denoted by the in the tiist oo 

as that against 


I 
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THE ELEMENTS OF EIGHTY SIX COMETS, 

WHICH HAVE BEEN OBSERVED AND CAI CHEATED TO 1811 


Oidci 

of the 

CometB 

Yeais of 
appeal ance 

Pissigc thiough the 
pciihcliun, me in time nt 
Giccnwich 

I ongitude of 
the Ascending 
Nod'' 

Inchmtion 

of 

the Oibit 

Place 
of the 
Pciihdion 

Peiih lion 
i ist incc 

th l (jI tl L 

Sun 

bciiig 1 

Motion 

Audioi 

YVho hue 
c ilcul uc J 
the 

Oibitb 

DAYS 

II 

M 

s 

s B M 

s 

D 

M 


s 

B 

M 

Jb 

I 

Si7 

1 Much 




6 26 83 

0 

10 

01 12’ 

9 

19 

3 

0 

0 5b 

Pctio^i idc 

Pingrl' 

II 

vni 

iO Januiiy 

7 

12 40 

0 13 oO 

0 

6 

5 

0 

4 

14 

48 

0 

0,9178 

Diicct 


Pi -ic rl 

III 

1264 

6 July 

7 

50 

10 

5 19 0 

0 

36 

30 

0 

9 

21 

0 

0 

0,11. 

Dncct 


Dun ihorm 



17 Tilly 

6 

0 

40 

5 2H 45 

0 

30 

25 

0 

9 

5 

15 

0 

0 1J081 

Diicct 


PI^ ^R1 ' 

IV 

1299 

il Much 

7 

2o 

10 

3 17 8 

0 

6S 

57 

0 

0 

3 

20 

0 

0,J179 

Rctio >1 idc 

PiNt 1 l' 

V 

1 m 

22 0( t ( ibout) 



0 15 ('iboutL 

70 ( ibout) 

9 

01 

10* 


0,187 

R tiog] idc Pwf rl' 

VI 

l^i/ 

2 Tunc 

6 

24 

40 

2 2< 21 

0 

32 

11 

0 

1 

7 

59 

0 

0 10666 

Re 110,^1 idc 



1 June 

0 

SO 40 

2 6 22 

0 

32 

11 

0 

0 

20 

0 

0 

0,6115 


1 

Pinch' 

49 

1456 

S Turn 

22 

0 

40 

1 18 so 

0 

17 

56 

0 

10 

1 

0 

0 

0,j-i5'> 

RctlOglsdc PiNCI I 

VII 

147. 

2 ) Icbiumy 

22 

2^ 

10 

9 11 16 

20 

5 

20 

0 

1 

15 

33 

JO 

0,54*271 

Petioi 1 idc Hyli 1 Y 

49 

15i] 

21 August 

21 

17 

10 

1 19 25 

0 

17 

56 

0 

10 

1 

39 

0 

0,5(,700 

RctiOLi idc II VI Lr Y 

19 

15/2 

19 Oclobci 

22 

11 

40 

2 20 27 

0 

32 

)6 

0 

3 

21 

7 

0 

0,50910 

Diicct 


IT rjTY 

VIII 

15J{ 

16 luni 

19 

29 

10 

4 5 41 

0 

>5 

49 

0 

i 

27 

16 

0 

0,-02fj 

1 CLlOfU 

dc 

Dduwe 

3 

1 

21 Amil 

20 

^2 

to 

5 25 42 

0 

32 

6 

;() 

<) 

S 

50 

0 

0,16 390 

Diicct 


H rj 

IX 

l'>77 

26 Octobci - 

IS 

11 

40 

0 ‘>5 52 

0 

71 

32 

4^ 

1 

9 

22 

0 

0,18.12 

Rt 1 Of 1 lU 

IHnrv 

X 

15d0 

iS Novimbci 

IS 

41 

H) 

0 19 7 

37 

64 

51 

50 

3 

19 

11 

55 

0,j9' 5 5 

JlllCCt 


PiNGUI ' 

XI 

lOVJ 

7 Miy 




7 5 01 

21 

59, 

01 61 


5,01 9 

11 

0,2; 01 OOJ 

tiognJc 

PiNC J 1 ' 

XII 

lOS^ 

7 Oit N S 

19 

19 

49 

1 7 42 

30 

6 

4 

0 

0 

S 

51 

0 

1,0 n)^ 

Dncct 


II \I1 1 

Xlll 

1 590 

S Ub N S 

3 

11 

10 

5 15 JO 

^0 

29 

40 

10 

7 

6 

51 

0 

o,57Sfn 

Rclioj)] idi. 

H vr J L\ 

XIV 

159 3 

IS lulyN S 

1 3 

3H 

V) 

5 11 15 

0 

87 

5S 

0 

5 

2o 

19 

0 

0,()S911 

iJiii ct 


Dc he VILLL 

XV 

J 19() 

S August 

15 


to 

10 15 j6 

50 

52 

9 

1; 

7 

2b 

30 

50 

()>519n5 

Jlctiogi idc 

IS 111 ' 

49 

1607 

26 Octobci 

3 

49 

40 

1 20 21 

0 

17 

2 

0 

10 

2 

16 

0 

0 5S6S() 

kciiori idc 

11 VIJIY 

XVI 

16JS 

17 August 

3 

2 40 

9 23 25 

0 

21 

2S 

0 

10 

18 

20 

0 

0 n29S 

DueCt 


Pi ai I 

XVII 

1(18 

8 Novcmbci 

12 

22 40 

2 16 1 

0 

17 

31 

0 

0 

2 

11 

0 

0,8797 ) 

Dncct 


H V 1 i LY 

XVII r 

1672 

I ^ Novi nibci 

15 

S9 

40 

2 2S 10 

0 

79 

2S 

0 

0 

2S 

IS 

40 

0,81750 

Dncct 


VJ ] I Y 

XIX 

1(>6J 

2() J mil iiy 

23 

40 

40 

2 22 30 

30 

32 

S5 

50 

3 

05 

58 

40 

0,41151 

Dntet 


il vr 1 r\ 

XX 

16' 1 

1 Dccciiibci 

11 

51 

40 

2 21 14 

0 

21 

18 

30 

i 

10 

11 

25 

1 02 ./5. 

Rctio n uli 

Ll\r n > 

XXI 

1660 

J1 Apnl 

5 

11 

40 

7 IS 2 

0 

K) 

5 

0 

n 

11 

51 

30 

0,10()19 

Ilf tio gl 

dc 

Hvr I 

XXII 

J()/2 

1 Much 

S 

U) 

40 

9 27 30 

30 

V3 

22 

JO 

1 

16 

59 

SO 

0 007 9 

Dim ct 


I If M 

XXIII 

1677 

6 M ly 

0 

u6 

10 

7 2(. 49 

10 

79 

J 

J5 

1 

17 

>7 

5 

O2S0i<) 

Re tip 1 

dl 

II VI!! 

XXIV 

1676 

M) August 

11 

2 

10 

5 11 40 
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THE ELEJIENTS OF EIGHTY SIX COMETS, 

WHICH HAVE BEEN OBSERVED AND CALCULAIED TO 1811 
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CHAP XXVI 1. 


ON IIIE IKLD bTAR-s 

GO', j\lTw the htivcnly bodies bejoud oui system aic cilkd Fned 
, bee ms^ they do not ippcai to have any piopei motion of then own, e\- 
. some lew, which will be mentioned heieaftei Fiom then immense dis- 
( IS aniK ns h> Aiticlc 524, they must be bodies of \eiy gieat mapitnde, 
iwi,t thn could not ho visible, and when we considei the weakness ^ 
cUd Imhl, thvic cm be no doubt but that they shine with then own liglit 

V uc cisily known bora die planets, by then twinkling The numbei of ' 

s viMhU It Leo to the naked eye is about 1000 , but Di Hnuscimn, by his 

uovcmints ol Iho leflccting telescope, has cbscoveied that the whole numbei 

1 c It beyond ill conecption In th it biight tiact of the heavens called 
V. 1 / ival which, when evimmed by good telescopes, appeals to be an lui- 
^ w i.nn nf US wliicli gives that whitish appeal incc to the naked eye, 

n 6000 .ta. tuough aeM of V.W 

> Idcscoiio oi only 1 S' 

u.vcroil 'si us Bol «nbdoie, so Hint tbeio sppeus to be no bounds to then 
Xr;. tlo U,c ostont ol tite nmvetse Ihoso sttus. wluch can be of no use 

uh mptn only single to the naked eye, aic found to consist of two, tin ec, 

uh ippen ) y ol3,eived« JlemJw, to be a double stai, 

moicstiis R/)nZ«(, to be double , M Cassini, Mi Maier, Mi, 

IIoiiNSDV lU onm discovencs of the like kind 

Tn.’ Un”“a, by hmutpioved telescopes, has found about 700,of nluch, 

't o 42 I, ul been obsotved befoto Wo sIuOl hote give an account of a 

w' of the most iciiuuKil)lc 

„ raocnisF'AM 61, .bctuUful double stat , tbo tno stats vetyuncqtud, 
H,6,tliui distmco , Hostai at fiist sight tt apptats double 

. /yte, KtAM 4 tnd 5, a double ^^eat double , 

n::a"x"iXlc^heotb^^ 
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smallest mclmeJ to letl The intcival of the ,lus, of t!ic uncqinl sci .. one 
diaraetci of the laig^st, a iih a powci of 227 ’ 

y Ancbomcda.,l^t^M 57 , double, vuy unequal, the higcst lulchsh avIiilc tin 

smallest a fine bught skj blue, mclimng to giecn A veiy be luliiul obie e t 

1, double, vciy uncquil, the Ingest white, the snulJ. 

clnSo'^ie?''''' white, but thiee of ihcm i little in. 

“ -^2, double, vciy uncqinl, laigest white, smallest dusky 

s Boobs, Flam 36, double, veiy unequal, 1 ugest icddish, smallest bhu oi 
lathei a faint lilac , \eiy beautiful ^ 

b JDi acorns, FLm 39 , a veiy smill double stu, vciy uncaiul the In.wu 
M hite, smallest inclining to icd ^ ^ 

^ Ono?us, Flam 39, quidiuple, oi i ithei a double s< u, and ins two inoio U 

palefie colom’ the, I ugost wluU , sm .licit 

Jo '•'>'= '■"Se-t a vt .y 

““"‘I’t't'. ‘1“= e.8«t wh.tc, ao 

" “Ot vi..ble .v.lh 

p wci 01 2*785 but IS seen vciy well witli mu Ain 4^1 i 
to a pale led, smallest duskisl. ^ 

" o'Mnd, the 1 ugest while, sm illcst dusky 

« Lvra Fl! ^ n’ ^<^>7 ^ 1 , the hugest white, smalh st both dusky 

simlV^t i’ 1 /’ imequal, the Ingest i fine biillunl white the 

sraahest dusky , it appeals with a powei of 22V U, tt. .. ^ 

d.a,„ue. of tl..i &e iL. ioundTto 

■i /a- ana 1785 examination of double si nt woL i. ^ J ^ (ins 

excellent and leady method of pi ovmo Its powei s Di TTm ® “X vciy 

the followimy method Thp fnlno ^ i ^ iccommonds 

m the ope, °.r 1 tSfoc *>“■' “““ 

the sa,ne^nag„aud^, albtudrand „ 

all the phfflnoraena of llm nrlm^f / * ^ ^ ^ examined, attend to 

whethei It be ne Lil \ ^ f the field oi view- 

= £-f3S'3?r 

.... ,h„ „a,, 
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j(Cir(.ctions of the lusiiument, and theiefoie will not be deceived when you 
couK lotvunnu the double stai 

701 II / BCD be the caith’s oibit, and its diametei AC beai a sensible pio- 
poitiou to the (Ustvnee of a neai fixed stai s, this stai wiU appeal in di%i- 
ent ilu ilioiis ui the heivcns wdien the caith is at A and C, and it will, in the 
Couis( ol 1)1 u, ippcai to dcsciibe a ciicle ahed, oi an ellipse, accoiding as the 
pliiu ol IS pcipcndiculai 01 oblique to the axis /Sswi, oi accoiding as the 

si u IS ill Ol out ol the pole of the ecliptic The angle AsC is called the 
Annual Pantlhti of the star 

70‘i 1)1 111 K»t 111 r pioposes to find the annual paiallax of the fi <ed siais by 
obscuuig how tlio iiiqlc between two stais, veiv neai to each othei, vaiy in op- 
positi p u ts of the yc u This method was suggested by Gal leo in his 
( Dud ) flic tlicoiy is tiue, if you admit his postulata, which is, th‘>t 
till st us ue ill of the same magnitude, and that a stai of the second inagni- 
t uih IS double the dist ince of one of the first, and so on But we have no lea- 
aim V lull Ml foi nuking tlie foimei supposition, and if we lea&on fiom the 
bodRsiiioiu own system, analogy will be against it, and in leyect to tlie 
ni I'MUliulos, the an ingement of that is meielj aibitiai) AVe will howevei ex- 
1,1 im Hr nielhod in the most simple case Let a and y be two stais situated 
m 1 hue with Hr t Uth at A, and peipendiculu to the diametei AB of the 
, ulb’s oibil, and when the eaiHi is at B, obseive the angle aBy Let P^^die 
iiinU / 1 B, 01 the annual p uallax of a, ii=the angle F found fiom obseua- 
lM,n M uul the angles undei which the diameteis of a and y appeal, and 
diR^Mpi.pciuliculutoiJa Thenp P (because il/ 

Ui I,/ Ai)M-7n M, hence, If^bea 

s(u of Hu fiisl uugmtudo, xnd^ one of the thud, andp= l", thenP = l"ion 

1 best snunosil urns Hie the PM Tians 1782 * u 

70 3 ScM . d stais mentioned by ancient Astionomeis aie notnow to be found 

UK urn Obsciv . of the lived tn... .n 

1 ,1, ,1 Luu- A^lionomcit m.glil see what olteittions had taken place since 

I;!:::,.;:.':!.! .i' sc.,., m w, ana > sivatm , but u o 

KI ounli wc have of all these ue ^ ^ ^ iccount of, is that winch w is dis- 

7<„ l-hc HnS- ,57...nthea«i, o/th^eK" 

lOMudln (oi-viniiaO , . j;,o„jtjo,dday It fiislappeared 

/.:;X ,"but S-'-ny W and aftu .auen month. It fi. 
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them in 1668 llie stai 6 m the tul of the Serpent, leckoued by 1 icho of the 
thud, was iound, by him, of the fifth magnitude The slai ? in Serpentanus 
did not appeal, fiom the tune it was obseivcd by him, till 1695 1 he stai 4' in 

the / ton, aitci di&appcaiing, was seen by him in 1667 He obseived also that 
0 in Medu o’s Head vaiicd in its magnitude 

711 M Cassini disco\eicd one new stai of the fouith, and two of the fifth 
magnitude m Casstopca, also five new stais in the same constellation, of which 
tlnce have disappeaiod , two new ones m the beginning of the constellation 
Endanus, of the fouith and fifth magnitude , and Jour new ones of the fifth or 
sivth magnitude, ncai the noith pole He fmthcr obseived, that the stai, 
placed by lUyi ii neu f of the Little Bear, is no longei vrible , that the stai A 
of Andr orncdci, which had disappcucd, hid come i ilo view again in 1695, that 
in the simc constclhtion, instead of one in the Knee, maikcd theie aie two 
otheis come moic noithcily, and that I is dimmislied, tint the stai placed by 
Tycho at the end of the Cham oj Andromeda, as of tlie fouith magnitude, 
could then scaiccly be seen , iiid tliat the stai which, in rvciio’s catalogue, is 
the twentieth of PzAcei, was no longei visible 

712 M Maraldi obseived, that the stu « in the left leg of Sagiliauus, 
maikcd by Bayir of the thud magnitude, appealed of the sntli, in 1671 , in 
1676 It was found by Hi IIailly to be of the thud , in 1692 it could Inidly 
be peiccivcd, but iii 1693 and 1694 it wis of the fouith m ignandc In 1704 
he discoimicd a stai in Hydra to be periodical , its position is in a light line with 
tlioSc in the till maikcd w and r The time between its gieitest liistie, of tlie 
fouith magnitude, was about two yeais , in the inteimediate lime it duappeaicd 
In f666, lliviiius says he could not find a stai of the fouith magnitude in the 
cistcin scale of Libra, obseived by Tyciio and Bayir, but IMaraidi, in 1709, 
says, that it hid then been seen foi 15 ycais, sinallci than one of the fouith 
See iifewi d'Astron pigc 57 

713 J GooniucKr, Esq his detcimmed the peiiodic vaiiation of oi 

^Persa (obseived by Montanari to be vaiiable) to be about 2d 2lh Its 
gieatestbiightncss IS of the second magnitude, and least of the fouith It 
changes fiom the second to the fouith in about Ihiee houis and a half, and back 
again m the same time, and ictains its gieatest biightness for the othei pait of 
the time See the Phi Trans 1783 In the Connoissance des 'J emp'i, foi 
1792, M de la Landf his given the following Tables to find the time when the 
bi ightncss IS the least I have leduccd the epochs to the mci idian of Gieenwich 
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TABLES OF THE VARIATION OF ALGOL 


LPOCIIS 


mlan motion I or months 


TEAKS 

1796 B 

1797 

1798 

1799 

1800 C 

1801 
1802 
1803 
1804< B 


D II M 


1 11 25 

0 15 12 

2 15 49 

1 19 36 

0 23 23 

0 3 10 

2 3 47 

0 7 34 


In leap year, we must add 1 day to the 
calculation, in January and Fcbiuaiy 


months 

Tammy 

Febiuaiy 

Mvtch 

Apiil 

Miy 

June 

July 

August 

Septembei 

Octobei 

Novembci 

Decembci 


D n M 

000 

0 12 59 

1 5 10 

1 18 9 

0 10 19 

0 23 19 

2 12 18 

0 4 28 

0 17 28 

2 6 27 

2 19 27 

1 11 87 


MEAN MOTION TOR YE VRS 

YEARS 

D 

II 

3vr 

1 

2 

0 

86 

2 

1 

4 

23 

3 

0 

8 

11 

4 B 

1 

8 

47 

5 

0 

12 

64 

6 

2 

13 

10 

7 

1 

16 

58 

8 B 

2 

17 

34 


REVOLUTIONS 


i 


20 49 

17 38 


49 2 

38 4 

8 14 27 6 

11 11 16 8 
14 8 5 10 

17 4 54 12 

20 1 43 14 

22 22 32 16 
25 19 21 18 

28 16 10 20 







ON THE ri\ED STARS 


493 


ooHRicKE also discoveied, that P Lyia? was subject to a peuodic 

10 (ollowing IS the icsult ol his obseivations It completes all its 
tl lys 19 boms, dining which time, it undeigocs the iollowing 

It i*, ol the thud migiutiule foi about two days — 2 It diminishes 
lys — 3 It IS between the fouith and filth magnitude foi less than 
i-iicieases in about two diys — 5 It is of the thud magnitude foi 
xys — 6 It diminishes in about one day — 7 It is something laigei 

1 1 m ignitude foi a little less than a clay — 8 It inci eases in about 
liiee quaitcis to the fiist point, and so complcaes a whole peiiod, 

- Ticms 1785 He his also found, that ^ IS subject to a 

t ion of 5(/ 8/i, 37'^, dining which tune it unclcigoes the following 
It IS It Its gicatest biightncss about 1 day 13 houis — 2 Its climi- 
ioiincd 111 about 1 diy 18 houis — 3 It is at its gieatest obscuia- 
c Hiy 12 houis — 4 It increases in about 13 houis Its gieatest and 
css IS that between the thud and louith, and between the fouitli 
,m tildes 

ic oil, I5s(j[ has discoveied » jLiitiiioi to be a vaiiible stai, wath i 
tl lys 1 houis 38 minutes Ihe changes happen as follows 1 It 
t"-t biightncss 44 ± houis —2 It decievses 62 ±houis — 3 It is it 
itness ^O±hoius —4 It incieiscs 36±houi& When most blight 
Lliiid 01 fouith migmtudc, and when leist, of the foiulh oi liftli 
/)(tns 178 5 

xe Phil Piuis 1796, Di Hdrsciill has pioposecl a method of 
t changes that m ly happen to the fived stiis , with a catalogue of 
1 vtive biightncss, m oiclci to asccitain the peimanency of thui 


I Ii UidiiT, m a Papci in the Pht! Tians 1783, upon the piopcr 
so!u system, luo given i luge collection of stais which i/eie foi- 
biH IK now lost, ilso a catalogue of vuiable stais, and of new 
, y pislly obseives, that it is not eisy to piove tint a stai vas ncvei 
foi tlioiigh It should not be contuued m any citilogue whatevci, 
\uw'iit loi^ Its found non ippeaiinee, which is taken fiom it^ not 
n ohsened bcfoie, is only so fai to be legaiclcd, as it can be nnide 
r almost eeilain, Hut a stai would have been obseivecl, had it been 


I e have been vanous conjcctuics to account foi the appciianecs of 
Lblc stais M Mauulriuis supposes, that they may hive so quick 
:»c>iit then axes, that the centiifugal foice may lediice them to flat 
Olds not much unlike a mill stone , that its plane m ly be mchned 
» of the oibits of its planets, by whose itti action the position of the 
>c altcicd, so that when its plane passe, tluough the earth, it may 
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be almost m entiiely iimsibio, and tlien become i..uu visible as its l„™,i . i 
is tuined towaiiU us Otlieis h ivt coujcclmtd, (1 it eoiisidu ible p iits oj lliit 
smficco lie covoiod will, daik spots, so tint vhou, bv Hit lot, J, ot the si „ 
tilcsc spots me p.sseutod to „s. the stus become dmost oi cntnelv iiivisibl ’ 
Otheis liivc supposed, tint tlicso stiis luve veiv lune opiiiiic bml , I ^ 
ibom and liem to tlicm, so is to obscuK them alien 

tutu „s Tbe ..icguhut, o, the phase; ors:,:.eoa!::;‘z;:tr:'r: 

be miable, and thc.c oic may pcih ips be best leeouiited to., by su Zn 
tliTt a gieat part of the body of the stai !«. covcicd Vviih f i ^ ’ 

md di, appeal 1 .U those on [he siinS smfaer X ,d | run, ‘'’’r 
Stai mayp.„b,blvbctl,edcst„.ct.onof.l, wslem Z Uie 2'"“""''“ ° •* 

neilslm, thccicat.o.,ofanews„lcm„fpirts “ ‘ 

719 The fi\ed stais aio not all e\culy sme id thiono?, iim i., 
gieatei pait of them aic collected into clustus, of which if Xuuu ^ 

inagnif)ingpowei, withagieitquintity ol haht to bt ibh in V 

onlj appear small whitish spots, something like i bnull Imht cJ..m,I ^ 
thence they weie cilled There fie some IT 

noticceive then light fiom sHis InthcvPii ifi<?r tt ‘Jo 

nehulam the middle of Onon't.Swid, it c^t™, only sZ'TjrmZl '' 
othei pait IS a blight spot upon a daik giound, uid ann^ruil ^ 
into biightei legions beyond In loif Suion m!™ V 
bulain the Girdle oj And. o^necla Di IWv ‘ 

‘.oulhcin steiib, discoveicd one in the {uiknu but tl... the 

England In 1714, he found inotl ei 

.of Burt Tins shows Usell to the inUd c^t wheZm ‘slvn'e!" ' 
the moon absent M Cassini discovci ed one hliLc n iLT .rl 
SVi/y;, »,rhich he desciibcs as veiy full of si us md vci v I fT 
Mith a good tcleseope Ihcic urtwo wh ^ 

by sulois, the ]\Ias<llamc Uoudi, which to thc^nauT' 
hot tlnouch telescope, 

icm^M t^ninS whiz Za r 
IZZ tz" rdim“ r ’ “ " 

ci Ac bmfandTidt’nr ZZ 0 !”’’''“°'^ Zri‘’’ncbTdm 

1784,ae.ei,acataCeof 

some of which Aey cotdd rLl?e andH7 bf Mnssirn and Mnenvm, 

CHee has given ns a ca“of 2 Z nlnZ^“f 

himself has discoveicd Some of Aom f clustei of stais, which he 

some ot Acm fern a lound compact system, others 
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aic moic uieoulu, ol vauons foims, and some aie long and naiion Tiic 
global 1 systems oi stais appeal tliicl^ci in the middle thin they uould do it 
the stus weit all at equal distinces horn each othci , they aie theieloic con 
dcn&cd towaids the centei That the stais should be thus accidentilly dis- 
posed, IS too impiobablc a supposition to be admitted , he supposes theicfoic, 
that they ue thus biought togcthci by then miilual attractions, and that the 
gi xdual condensation towuds the centci, is a pioot ol a centi d powei ol such 
i kind lie luiLhei obseivcs, that theie aie some additional ciicumstances in 
the ippeaiancc of extended clusteis and nebulae, that veiy much favoui the 
idea ot a powei lodged in the biightest pait Foi although the loan of them 
be not globulai, it is plunly to be seen that thcie is a tendency towaids sphg 
iicity, by the swell ol the dimensions as they diaw near the most lumipoia 
pi ICC, denoting, is it weie, a couise, oi tide of stais, setting towaids a centei 
As the stais in the sime nebulae must be veii^ neaily all at the same lelxtae 
distances horn us, and they appeii ncaily of the snne size, then leil magni- 
tude^ nuut be neaily equal Giauting thciefoic that these nebulae and clustei'- 
of stus aic foimcd by then mutual attiietion, Di Ilmsciini concludes that 
we may judge of then lelative age by the disposition ol then component paits, 
those being the oldest which aie most compiessed He supposes the milky 
way to be a nebula, of which our sun is one of its component stais Sec the 
PM Ticrw? 1786 ind 1789 

720 Di Hlrsciii l has discovcied othei phacnomcna m the heavens which he 
calls Nebulous Slats, that is, stais suiiounded with a f uni luminous atmospheie, 
of a consideiable extent Cloudy oi nebulous stais, he obscives, have been 
mentioned by sevei il Astronomeis , but this name ought not to be appliecl to 
the obic cts which they have pointed out as such, foi, on cximination, tiey 
piovcd to be eithei clusteis of stus, oi such appeal anccs as miy leisonably be 
supposed to be occasioned by a multitude of stais at a vast distance He has 
given in account of seventeen of these st us, one of which he h is thus desciibed 

Novcmbei 13, 1790 A most singulai p]iii.nomeiion ’ A siai of tlic ciglitii 
magnitude, with i faint luminous itraospheie, of a eiiculai foim, and of about 
3' ihamctei The stai is peifectly in the centei, and the atmospheie is so di- 
luted, 1 unt and equal thioughoui, that theic can be no suimise of its consisting 
of stais, noi can thcie be i doubt of the evident connection between the at- 
mospheic lud the stai Anolhei stu not much less in bughtness, and in the 
same field of view with the ibove, was peifcctly ficc fiom my such appeal - 
ance ” Hence he diaws tlic following consequences Giantmg the connec- 
tion between the stai and the suiioundmg nebulosity, if it consist of stais veiy 
lemote which gives the nebulous appcuancc, the cential stai, which is visible, 
must be immensely gieatci than the lest, oi if the ccnti d stu be no bigger 
than common, how cxticraely small ind compiessed must be those otlici lumi 
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nous points which occasion the nebulosity? As, by the foiraei supposition, the 
luminous cential point must fai exceed the stxndud of what we call a stai, so, 
111 the httei , the shining inattci xbout the ccntci will be much too smxll to 
come undci the sime denomin xtion , we theieloie cithei Invt a ccntial body 
which is not X stu, oi a stai which is involved in x shining fluid, of a iiatuie 
totally unknown to us 1 his last opinion Di IlLRSciiri adopts The existence 
ol this shining matter, he says, docs not seem to be so essentially coimected 
with tlie ccntial points, that it might not exist without them The gicxt le- 
scmblance thcie is between the chcveluie of these stus, and the diflusod 
nebulosity theie is about the constellation of Ouon, which takes up i s])xci of 
moie than 60 squxie degiecs, lendeis it highly piobxble that they aic ol die 
sxmc natuic If this be admitted, the scpai xtc existence of the luminous 
mattei is full}- pioved Light leflccted fiom the stai could not be seen xl this 
distance And besides, tlie outw xid puts aic neuly as bught as those neai 
the stai In fiiithei conhimation of this, he obseives, that x clustci ol stus 
■will not so completely account loi the milkiucss, oi solt tint ol the light ol 
these nebula?, as a self luminous fluid This luminous luxttci seems moic fit to 
pioduee a stu by its condensation, than to depend on tlie stai loi its existence. 
Theicis a telescopic milky way exteiuhng in light ascension liom 5/f 15' 8" to 
S/i 39' 1', and m polai distxnee liom 87° 46' to 98® 10' This, Di. Ill rsciiii 
thinks, IS bcttei accounted loi , by a luminous mattci, thin liom i collection ol 
stais lie obseives, diat peihaps some miy account loi these nebulous stus, 
b} supposing that the nebulosity miy be loimcd by x collection ol stais it ui 
immense distincc, ind that the centi il stai may be x neu stai accident illy so 
placed, the iiipeaixncc howevci ol the luminous jiait docs not, in his opinion, 
xt all fivoui the supposition thif it is piodiiccd by a gicit numbci of stus , on 
the othei hind, it must be giantcd tint it is exticmcly diflieult to admit the 
otliei supposition, when wc know notliiiig but a solid body th it is scH-huiunous, 
01 , at leist, tint xhxcd luiumuy must immediately depend upon such, is the 
llxmc ol X cxndL upon the caudle itseK See the 7’/cws 1791, loi Dr 
IIeivSciii:: ’s account 


0?i iTic Consldlalionb 

721 As soon as Astionomy began to be stuilied, it must hive been found 
nccessaiy to divide the heavens into sepiixte paits, and to give some lopiescn* 
tations to them, in oidei that Asliouomcis might dcsciibe iiiil speak of the 
stub, so as to be undci stood Accoidingly wo finel thxt these ciieuiustaiiccs 
look place xeiy eaily The incients divided the heavens into ComldhHoni, oi 
collections of dai and lopiesented them by animals, c.nd othci hguies iccoid 
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in<v Lo the ideas vvlucli the dispositions of the stiis suggcsied We find some 
orthcni mentioned by Job, ind ilthoush it his been di ,piiLcd, whcthci out 
Liiiislition bis sometimes <^iven the tuic mtaiiu^g to Ibc Ilcbicw woids^ yet it 
IS no iced, tint they sigmly the constellations Some of them me mentioned 
by II 0 . 1 . H md III Sion, hut Akatus piofessedly tieits of ill the nncient ones, 
except thiee whieh wcic invented nfioi his time The numbei of the incient 
coustelhtions wis 4b, but the piesent numbei upon a globe is about 70, by 
reetifyiug wlueli (is wdl be afteiwaids explained), and setting it to coiiespon 
with the St us m the heivcns, you may, by compuing them, veiy easily get a 
knowledge of the dnleient coiistcllxtioiis and stais Those stais which do not 
come imo iiiy ol tlie constell itions, me called unjoi med sla? s The stais visible 
to the n.kcd eye ue divided into six clisses, accoidmg to then magnitudes, 
the liK-ost IK c died of the hist magnitude, the next of the second, and so on 
Thos^ which cumotbe seen without telescopes, aic called Telescopic Sim s. 
Tiic St u s ue now gcnci illy m uhed upon m ips uid globes with BAini s lei to s , 
the (ns! lettei m the Gicek dphabet being put to the gicitest stu of each con- 
stell itiou, the sceoiid Icttei to the next gicitcst, and so on, and ^^hcn any 
moie lettci . ue \\ mted, the Italic chuactcis aic gcneially used , this selves as 
a 11 line to the stu, by which it ra ly be pointed out 1 wclve of these consLcl- 
1 itions he upon tht ecliptic, including a space about l'>° hioid, cillcd the 
Zodiac, wiihm which ill the pluicts move The constell ition Aties, 01 the 
Ram, ihoul 2000 yens ago, liy m iXxcpst sign of the tehptic , but, on account 
of Ih. piece, Sion of tlie equinox, it now lies in the second The following aic 
tlic nunc, of the consUlhtions, mil the numbei of the stais obscivcd in them 
by ditleienl Adionomeis w is made out of the unfoimed stais neax 

Aqu’la , md Coma Btreniccs owi of the unfoimed stu & ncai the Lions laiL 
They ue both mentioned by Pi or 1 my, hut i. unfoimed stais The constell v 
Hons isfu as the In ingle, with Comi Bciemcc , aic noilJtan, those iftci 
Pisces, aie soulhein 
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Uibi Minoi 
Uiba Majoi 
Didco 
Cdppheub 
Bootes 

Colon I Eoi calls 

Hcj cults 

Lyia 

Cygnus 

C issiope i 

Perseus 

Amiga 

Scrpcnlaiius 

Seipcns 

Sagitta 

AquiU 

Antinous 

Dtlpliinus 

Eqi’ulus 

Peg isiis 

Andiomecla 

Tiungulmn 

Aiics 

Tauius 

Gcmim 

Cancer 

Leo 

Coma Bcitniccs 

Viigo 

Libia 

Scoipms 

Sagittal lus 

Capiicoinus 

Aquaiius 

Pisces 


HIE ANCIENT CONSTELLATIONS 



PlOLCMY 

Tvciio 

IlFVrilUi Pi 

\M^rr vi> 

The Little Beoi 

8 

7 

12 

94, 

Tlic Gieat Beai 

35 

29 

73 

87 

The Diagon 

31 

32 

40 

SO 

C«Eplieus 

IS 

4 

51 

35 

Bootes 

23 

18 

52 

54 

Tlie Noithein Ciown 

8 

8 

8 

21 

llci cults kntcling 

29 

28 

45 

113 

Tlie ILiip 

10 

11 

17 

21 

Tlie Swm 

19 

18 

47 

81 

The Lady in hei Chau 

13 

26 

37 

5? 

Pci sous 

29 

29 

46 

59 

Tilt Waggonei 

U 

9 

40 

66 

Scipcntuius 

29 

15 

40 

74 

The Serpent 

18 

13 

22 

64 

The Allow 

5 

5 

5 

18 

The Eagle ) 


12 

23 


Antinous > 

15 

3 

19 

71 

The Dolphin 

10 

10 

14 

18 

The IIoisc’s Head 

4 

4 

6 

10 

The Plying Hoist 

20 

19 

38 

89 

Andiomcda 

23 

23 

47 

66 

The Tiiangle 

4 

4 

12 

16 

The Ram 

18 

21 

27 

66 

Tht Bull 

44 

43 

51 

141 

The Twins 

21 

25 

38 

85 

Tht Ciab 

23 

15 

29 

83 

The Lion ? 


30 

49 

95 

Bciemce’sIIau j 

oo 

14 

21 

43 

The Vngin 

32 

33 

50 

110 

The Scales 

17 

10 

20 

51 

The Scoipion 

24 

10 

20 

44 

The Aichci 

31 

14 

22 

69 

The Goat 

28 

28 

29 

51 

The Watci-beaier 

45 

41 

47 

108 

The Pishes 

38 

36 

39 

113 
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THE ANCIENT CONSTELLATIONS CONTINUED 




P 1 OLLMY 

Tycho 

IICM LIUS 

1 L VMSTE\D 

Cctus 

The Whale 

22 

21 

45 

97 

Ouon 

Oiion 

38 

42 

62 

78 

Eudanus 

Eudanus 

34 

10 

27 

84 

Lcpus 

The Ilaie 

12 

13 

16 

19 

Cinis Majoi 

The Gicat Dog 

29 

13 

21 

31 

C uns Minoi 

'ihc Little Dog 

2 

2 

13 

14 

Algo 

The Ship 

45 

O 

aJ 

4 

64 

HydiT, 

The Hydia 

27 

19 

31 

60 

Cl ltd 

The Cup 

7 

3 

10 

31 

Coivus 

The Ciow 

7 

4 


9 

Ccntauius 

The Ccntaui 

37 



35 

Lupus 

The Wolf 

19 



24 

Ai i 

The Altai 

7 



9 

Colon i Austialib 

The Southcin Ciowii 

13 



12 

Piscis Austialis 

The SoLitheiu Eish 

18 



21 


THE NEW soul HERN CONSTELLATIONS 


Columba N xoclii 

Noah’s Dove 

10 

Robui Caiolinura 

Tlic Royal Oak 

12 

Oius 

The Ciane 

13 

Phoeniv 

The Pluenix 

13 

Indus 

The Indian 

F' 

I’lVO 

The Peacock 

11 

Apub, Avis Iiidicd 

The Bud of Paiadise 

U 

Apis, Musca 

ihc Bee oi Ely 

4 

Chamaeleou 

The Chameleon 

10 

Ti langulum Aiisti ilis 

The South Tiianglc 

5 

Piscis volaiis, Paiiscr 

Ihe Flying Eibli 

8 

Doiado, Xiphai, 

The Swoid Fish 

6 

Toucan 

The Ameiicui Goose 

9 

Hydi us 

The Watei Snake 

10 
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UEVELim’6 CONLIIELLA'IIONS 
Made out oj He Unjoi mecl Slai i 


Lynx 


Ifimius 

Ll> 

Hie L^^nx 

19 

41 

Leo Minoi 

*1 he Liitic Lion 


5J 

Asteion and Chaia 

The Gieyliouuds 

2J 

‘25 

Ceibeius 

Ccibeius 

4 


Vu]pv,cula ind Ansci 

I he Fov ind Goo‘ 

iC 27 

35 

JSeutum Sobieski 

Sobieski’s Mueld 

7 


Liceita 

Hic Li/ud 


1(> 

Cimelopiidiliis 

Ulie Cimelopiid 

32 

5S 

Monoceios 

The Unicom 

19 

j\ 

Sextans 

Ihe Sc xt lilt 

11 

41 

tdes the lettcis which ucpicfixed to the stus 
Syrim, A) ciurus, Ac 

, many of them h n 0 n imcs. 


722 KEPrrE, who wisiftciwaidsia this conjectuic followed by J)i Hu- 
ITthnft ""w ' vciy ingenious obseivitiou upon the nugmtiuLs uul disLinces 
of the fixed stais He obscivcs, tint tbcit can be only 13 poiufs' upon tlic 
binfiice of -ispheieasfu distant fioiu eich oLhei is fiom the cenUi , Ll sup. 
posing he ueucst fixed stub to be is fiu horn cieh othei is fiom the sun lie 
concludes that theio can be only 13 stms oL the fiist nugmtude lienee’ it 
twice hat distance fiom the sun, Uieie miy be phecd ioi; times is nnny; oi 
> nee times tliat distance, nine times is ininy, oi 117, and so on 
These niimbeis will give pictty nemly the niimbei of sUis of the in s Ld 

St US be finite, and occupy oiUy a pait of space, the outwaid stais would be eon- 
bmn ly atuactod fto^e ,h.cl. mtlun, .„a p.occasT u™ Z 

would code,co and undo mto one But .f thu munboi L uUuu" Z cv 

quMay“ulh'f,xod’’“td f “b^hbuo, u,d coiisc 

nlipp n, ° ° 11^ diiwnin opposite diieetions would keep its 

P » ““ove on till It had found an eqmhbiiura E/iH Train, N° 3b 1 

J li 7 '» r“ r" 

Jittle fiirthei fiom each other than from the Lent pt.iiil . will be a 

'hstance .s f.om the centre w3d t \T ’ ^ 

you might pnt anothei point, but notnndcr the .i^cllf/stf' t^e k t'" 
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On tie Catalogues of the Fixed Stan 

723 At the time of HirPAEciiu.of Eliodes, about 120 yen. befoic J C 
anew stu aiipcued, upon winch he set ibout numbeimg the fixed stub ind 
icducino tl cm to i Catalogue, that posteiity might know whcthei my changes 
h itU d !n 1,1 ice m the he wens P roi emy howc.ei mentions that 
md Auisxuiuslcftscvual obseivitions mide 180 ycais befoic Ihc c ta- 
loouc of nnmAUf aus contuned 1022 stus, with tlicii lititudcs md longitude , 
which PioitMYpubhdicd, with the addition of foui moic riicse Astion - 
mos muk tlicii ibscivations with m aimilUiy sphcie, placing 
lioop iMHCHnlnio the ecliptic, to coincide with the ecliptic in he he ivcn 
by L uL ot . 1.0 su,. ... .1.= d .y to.o. and U.O.. tl.oy 

the ... ...i. ,11 nsi>Ltt 10 tilt 5.1.1 by .. moveable ci.cle oi it ...de ihe mU 
, „.|,1 „ . the lull, ot the moon (whole pl.ee bcfo.e ioiind they co.iectcd by 

jlovv,,... h,. .t, mkon ... the .ntc.val of time) they pliecd the hoop m vncl. . 
Mt.. ition .5 w>. igictaUt to the picsent moment ot time, and dien > 

... hhe ........e., the pUccs of .he stmt with the moon II o.md lie 

htitiidos md lonoitiidcv of the st.io, it could not liowevc be .lone v.t . mch 

an lostiumcnt to my ve.y g.c.t dcg.ee oi .cconcy ^ mkvho 
.,t.lo".,e to the yc.u 13, aflei I C , but mppomig, wnh Il.rpAimnuv who 

mule'thediscovo.y.tlieiiiccess.onoftlic equinoxes to be 1 in lOOyoais.in- 

kkf ...out ,3 .0 only added .‘40' to the nun.he.s n. ..nmoH 

loi 2i>5 yeu. (die d.(leieiiec ot the epochs) .listed of o 4- -2 iccoid, 

U MAK...k,l.hles Toeompaic Ins 1 ibles tlieiefoie with the p.esenl, 
wi .nutt lust nice .se h.s nunibe.s by 1“ 2' 22', and O.en allow o. the peces- 

r ill ,1 iimo to this The next Astionoinci who obncivcd the hxecl stais 
Sion fiom th t ^“‘*^0 the Gicat , he made a 

ot doo Tirol 1022 St us, leduced to the ycai 1437 Wilciam, the most illubtrious 
LmAuave of Hesse, made a catalogue of 400 sLais which he observed, he coiu- 
nuteertheu latitudes md longitudes fiom then obscivcd iiglit ascensions mcl 
dechliatn. In the yen 1010. Tveo BaAnnS catalogue o 777 ata.s ™ 
published flora his own ob,erv itions, m ide with gieat caie and diligence It wa 
TtL uc lb, m 1627, copied into the Fudolfiiue Talks, and incie ibed by 223 stam 
fil oHrar ob.eivmons of Ueno Instead of i nmilla, TYCim substi- 

tilted the cqmlonal uimlh, by which he ohseived the cldlmence 
sions mcl the dechn itions, out of the meiidiin, the mciidnn Autude be « 
always m ide use of to coniuin the otheis Funn thence he 

and Tn-iuides 1 yciio compaied Vums with the sun, uuUhen the c^thei staib 

with Venus, allowing foi its pai illax md leliaction, am 

tamed the places of a few staib, he settled the icst fiom them , and allhoi ^ 
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lus instiuraent was vciy laige, aiid consluictecl with gieat acciiiicy, yet not 
having pendulum clocks to measuie his time, his ob&eivitions cinnot be vciv 
accuiate The next catdogue wxs tint of R P Rk cioies, which wis taken 
lom Tycho’s, except 101 stus which hi. Imnsclf hid obicivetl llcviiius of 
Dantzick lu 1690 published i citaloguc of 19 30 stiis, ol which 950 weic 
known to the ancients, 603 he calls his own, bcciusc they hid not been ac 
cuiately obseived by any one bcfoic himself, and 377 of Di IIahty which 
weie invisible to his hcmispheie Tlicii phccs v^eic fixed foi the you 1600 
The Bniish Catalogue, which was published by Mi Piam,ii ^d, contiins 3000 
stais, lectifiecl foi the yen 1689 They aie clistiiiguishccl into seven dogiees of 
imgnitude of which the seventh degiee nc telescopic) in then piopei eonstel- 
htions T^lus catalogue is moic eoiuel thin anv of the otheis, the ob 
scivations having been made with bettci instiuments He ilso published in 
Atlas Cceleslis oi maps of the stais, in which euh stu is hid down in its tiue 
place, and delineated of its own migintuch I uh stu is inaikcd with i let 
tei, beginning with the fiist lettei « ol the Gicck ilphabet ioi the 1 uoest si ii 
of each constellation, and so on accoidino to then magnitudes, lollowmo, m 
this 1 espect, the ch uts of the same kind which wcie published hy 1 1) vxin t 
Geimin, in 1603 In the yen 1757, M de la Caiili: published his Funda^ 
menlaAs ,onomi^, in which theie is a c it ilogne of 397 stais , and ui noj he 
published a catalogue of 1942 southern ,t us, horn the tiopie of CipiJoin o 
the south pole, wath then light iscensions iiid dechnaUons ioi 1750 He \lso 

M M ' T ^^?i ‘'i JF^^u,.cndcs horn 1765 to 1771 

Ml IMayer ilso published a catalogue of 600 /odi le d st us In the Nautical 

Almanac foi 1773, theie is published icitdogueof 980 stais obsciveeUv Sf 
Bradety, with then longitudes and huuules In the yoai 1782 Jp i}„n. 

Astionomei at Beilin, published i set of CcLsUal CliaU,, eont lining a : 

numbei of bins tlun m those oi M. wiU. mu,y ol fl,c .lonbfc s 

and nebula! He ilso pnbhsbed, the 5,une woik, , catlloene ol sUis t , 

I°eft' 'omi stus. whose posdums’tteic 
left incomplete, and dteiing the nnmbeis ol 0U.01S, to wind, be h ts kZi 
stais Com HLYnLius, M de h CaiUL, Mu, a ,„d oU.eis I„ the yeu fm 
t ieie wis published at Beilin, a woik cntiUcd, HcntcildcTahk', Asbmmmmwt 
inwhich IS contmnedaveiylaigo catiloguo ol stais Coin Ilivinu, iLutl 
&1EAD5 M de Lx Caille, and Di Buadily. with then 1 i i * 

‘“‘'l<>S-''-<''U.es,n,‘tl,e,i,stu!ol M ib^^ 
LLE , of double btiis of changeable stais, and of nebulous in ti 
IS a veiy useful Woik foi the Piactieal Astionomei But the i n. ^ ^ 

catalogue IS that published by the Rev Mi Woliysion l/]? T iT? 
tided, A Specimen of a General Asfr onomical Catalogue , ananoJl!^) ' 
orti Polai DiUance, and adapted to January 1790, \onlamng a Campari 
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luH 1 i'.iO of the Men, I Position'} of Sims, Nebula, and Clusteis of Stars, cs 
Ihci/ COMO out upon Calculation fom the Tables oj several principal Observe) s 
By Ui ins^ing ilit sUus into zones pnallcl to the equatoi, an ol)set\cr, with his 
telescope on m equitoual stind, will have the stais pass tlnoiigh in the oider 
in winch he finds them in the citilogue, by which lie will moie leaclily find 
outwlut he wants, being picpaiod foi its appeal ance The fiisi Tible con- 
tains a eitdogui of the mean light isconsions of 06 piincipal stus foi Januaiv 
1, 1790, a:, bcitlcd by Di Masivil^ne, with then anuuil pieeebsions, and 
piopci motions The bceontl T iblc contxins the gcneial caiilogue of all the 
st XI s whose pi ices have been well isceitained, togethei with those nebula; xnd 
cliibtcis of stu-. which can easily be seen by a good coinmon telescope, with 
then light ascensions and noith jiolai distances, xnd then annual piecessions, 
also then inagniludcs, and the munbci, name oi chxxxctei of the object, xnd 
by whom it wis obseived llie thud 1 xble contains xn index to the stais m 
the Biitish Cxtalogue, icfeiiing to tlie zone of noith polai distance in wdiicli 
caeh is to be found The fouitli T iblc contains xn index of those stais in M 
de li Caiih’s riindamcntal eitilogue, which aie not in I'l \Msa tad’s llu 

ftfth Txble confuns TLAMbiiAD’b Biitish Catalogue, and M dclaCviLii’, 
southcin eatxloguc, with about eighty ciiciimpolai stais fiom Hivleius wdiich 
hid been omitted by Fiamsuad, aiianged in then oidci of light iscensioxia in 
tune loi Tanuaiy 1, 1790 The sixth I'abie contains i cxtalogue of the zodi 
acal stais foi 9“ of latitude, iiiangedm then oidei of longitude foi Janiiiiy 1, 
1790 Ihc whole concludeb with a ])]an foi eximiniiig the heavens, pioposing 
that dilkient peisons should undeitake diffeient zones and examine them veiy 
minulcly , iccommcnding a system of wiics in a telescope wdneb lie has found 
veiy convenient foi thit puipose The Piactical A&tionomci is undci veiv 
gieat obligations to Mi Wolla&ion foi .o useful and complete a Woik 


On the Ihopci Motion of the Fixed Stan 

724 X)i Maskilynt, in the cxpluxation and use of lus Txbles which he 
published with the hist Volume of his Obsei vciUons, obscives, thxt minv, if not 
all the fi>ed stus, hive small motions among themselves, winch aic called then 
Proper JSdolions , the cause xnd Ixws of which aie hid foi the picsent in xhnost 
equal obseuiity Fiom coinpumg his own obseivxtions it that tunc xvith those 
of Di Bkadi ey, Ml Fi amstead, and M Roemi ii, he then found the uinual 
piopcr motion of the following stais in light ascenuon to be, of Sinus — 0 ,6 3, 
of CflA /or — 0",2 8, of Pr oci/on — 0",8, of Pollua ~0 ,9 j, of lieguhis — 0,4!l, of 
Arcturus-r',i, and of « Aquihe ^ Or' ,<N , and of Sinus in noith polai disUnce 
l",20, and of Arclurus 2", 01 both southwauls But since that time he had 

2 
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continued lus ob'sciviljons, and fiom a Ccvtaloeue of the mcni ught u^cciision 
of 3G pi'iicip d -t as (which he coinmunic ited to Mi Woj .roN, nid i, found 
in hi3 Woik;, i1 ippcu, iliH -35 of them h ivc i oj}./ .nohon in iig la i^ccimoii 
/-.5 In the }ou 1756, M AJaylji obsci\(.d 60 stiu, ind comp ui^d them 
with th( Obs. u 11 ions of Iloi riLii in 1706 M Mayii. i, of opinion, tli i1 (f.om 
the ooodiiLS-, of the iiistuimLiits with which the obscivilious w. ic inadi.) whcic 
the disagi cement IS if kisL 10" oi it is iveiypiobiblc indication ol i luo- 
pci raolion of such a stn He (iiithei idds, that when the disagicemcnt is so 
gicitashch's found it in some of the stais, amongst vdiich i' Fom'>h(t,hi 
wlieie the difleicnec wis 21" in 50 yens, ho has no doubt of i piojici motion’ 
Di Uiu,rni l, followino M^yir’s judgment of his own md JIolmi k\ ob ei- 
vitioiii, hi, (ompued the obsen itions, and leaMiio out of hi, iceount dl 
those ,tu , wfiK h did not ,how i disigicemcnl unounlin to 10", Im found that 
56 of them li’d i piopci mo ion Ihom thenec he iLtempt fo deduct tin mo- 
tion of the s )lu system in tin following nunnei 

move fiom i5' to C in the line yf7I, 

« a si u at s would appt u to move fiom a to b, hence if we sujiposc JiKAI, to 
be the eehiitic, ony stn in the scmieiielo liKA, supjmsing tint to be the older 
of 1 1C signs, will hive its longitude, luekoucd fiom the point to wliieh the sun 
is moving, nieiciscd, but a stai in the othei senucntlc will hive its lon<>itnde, 
so icckoned, dutunished Those stais which do not lie in the celipUc"’woidd 
hive then lititndes ilteicd, those would be incieiscd, towiids which tlic sun 
wis moving, mcl those diinimshe 1, fioniwhith it w is u ceding The effect 
will be kss in piopoition is the dislmce of the stu is or Poi, indasiti,ucaiei 
1o A md Ji in ingnlu disl iiuc 'Ihesc would be the ippeii inccs, it the ,tus 
then elus weic at ic,t, bul if my oi them be in motion, these effects will be 
ilteiid iccouhng to then inoLion eompaied with the motion of oui sun, 
home ol flicm thcufoic fiom then own piopei motions might destioy, oi inoic 
th 111 coiintci let die effects iiisnig fiom the motion of the sun, ind appe u to 
h vc motions eontiaiy to wh it is hcie dcseiihed Like effects will be pio- 
diifcd, if oui s’vdtra move m my diicction out of the ecliptic llcucc, in 
whitcvci diicetion oui •■ystcin should moic, it would be vciy cisy to find what 
tjtcef of Lilnudc mcl longifiuk would hive tikcn pi ice upon iny stu by meins 
of i celestiii globe, by conceiving the sun to move fiom tlic ecntei upon any 
1 xdius diiccted to the ijoint to which the sun is moving Di HriijCirii, de- 
scubes the efTect time Let an uc of 90“ be applied to the smficc of a globe, 
and always passing thiough th it point to which the motion of the system is 
duectecl Then whilst one end moves along the cquatoi, the othei will de- 
sciibe acnive passing tluoiigh its pole andictmmng into itself, and the stais 
in tlic noithein hemispheie, within this cui\c, v/ill appeu to move to the 
noith , ind the icst will go to the south A similai cuivc may be desciibed in 
the souLhein hemispheie, and hkc appearances will take place 


O’vr Ttir rnoFrn mono i 


ri\ED STVR9 


505 


•i Hi 'iscnii fiist tikes the seven stais befoie mentioned, vliose 
h xcl b<, oa cletcinnntd by Di MAiKci iNE, and he finds, that it 
is'-iinioil xbout the 7*7° of light ascension, and the sun to move 
1 It it will account foi all the motions in light ascension And 
■»ii]>posiTi£r the sun to move in the pi me of the equa+oi, it should 
int noil to r /Jerew/w, it will account foi the obscued change of 
ius ind fictions In respect to the qiiantifj/ of motion of 
»f depend upon then unknown iclative distances , he only ‘speaks 
e t ttons of the motions 

vf t dscs 1\\ clvc stais fioin tlie catalogue of 56, whoso piopei mo- 
il dolciinincd fioma compaiison of the obscivations of Roemek 
iiul adds to them Regulm and Castor, these ha\e alia proper 
t asc oiision ind declination, except Regnlus, which has none in 
C these 27 motions, the above supposed motion of the solai 
tisfy 22 Tlieic ait also some icmaikable ciicuinstanccs in the 
liosc iiiolioiis jhcluiiH) and uSiinw bung the laigest, and theie- 
the neaiest, ought to have the gicatest appiient motion, and so 
lavc Also Aietuuis is bettei situated to have a motion m light 
il il his the gicitest motion Scicial othei agieements of the 

0 found also to take place Butthue is a veiy lemaikable cii 
lespcct to Castoi Castoi is a double stai , now how extiaouli 

oai the concuiiencc, that two such stais should botli have apiopei 
'tly alike, that they have ncvci been found to v iry a single second ' 
point out the common cause, the motion of the soloi system 

1 use 111 I* next takes 32 inoie of the same catalogue of 56 stars, and 
11 niolioii'S igice veiy well with his supposed motion of the solai 
t Ik motions of the othci 12 stais cannot be accounted for upon 
s. Ill these theiefoic he supposes the effect of the solai motion 
1 oyc'd and counlciacted by tlieii own piopei motions The same 
of 1 q St n s out of the 32, which only agiees with the solai motion 
a no, as to sense, it icsl the othei Accoiding to the lules of 
a theiefoie, which diicct ns to icfei all phenomena to as few and 
tills as aic sufficient to cxplimthem, Di HErsciiEL thinks we 
,l the inoliou of the solai system Peihaps, howevei, tins aigu- 
bi pioncily ipphcdhcie, because, theic is no new cause oi piin- 
K od hy supposing eich slai to have a piopei motion Admitting 
of ninveisalgiivitauon, the fixed stais ought to move "s well as 
It the sun’s inoUon, is heic cstiniatod, cannot be owing to the 
body upon it which might give it a lotitoiy motion at the same 

dc la tonjecUncs, because a body acting on the sun to 
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give It Its lotation iboutits axis, would not, at the suiic time, give it tlul pio 
giessive motion SeeDi Hrasc hel’s Account in tlic P/i// JHm 17s 3 
730 Let us now consulci, how lu this motion of the sohi system agiec'- 
with the piopci motion of the 35 stais deteimined by Di Maskclynl Now 
upon supposition that the bun moves, is conjee tuied by Di IIiitseiuL that 
motion will iccount foi the motion of 20 of them, so fn as icgaids then diiec- 
^on, but the motion of the othei 15 is contiaiy to thit which ought to aiiso 
fiom this supposition As some of tlie stais must Jiive i piopei motion of tlieu 
own, even upon the hypothesis of a solai motion, ind which piobibly iiiscs 
fiom then mutual attiaction, it is vciy piobable tliat tliey have all a piopci mo 
tion fiom the same cause, but most of them so veiy small as not yet to haie 
been discoveicd And it might also happen, th it such a motion might be the 
same as that which would ause fiom the motion of the solai system Yet it 
must be confessed, that the eiicumstince of Casloj^ and the motions both in 
light ascension and declination of many of the stais being such as ause fiom 
this hypothesis, with the appuent motion being gicatest of those stais winch 
Aic piobably ncaiest, foima stiong aigumeiit in its favoui 


On t/ie Zodiacal Light, 

YSl The Zodiacal Light is a pyiamid of light which sometimes appeals in 
tlie moining bcfoic sun use It has the sun foi its basis, and in appe nance 10 . 
semhies the Auroi a Borealis Its sides uc not sti light, but a little cuivcd 
its hguie lesembhng a lens seen cdgcwiys It is gencially seen heie about 
Octobci and Maich, that being the tunc of oui shoitest twilight, foi it cannot 
be seen in the twilight, and when the twilight lasts i consideiable time, it is 
withdiawn befoie the twilight ends It was obseivcd by M Cassini, in 1683 
a httlc befoic the vcinal equinox, in the evening, extending along the ecliptic 
fiom the sun He thinks howevei that it has appealed foimeily and aftci waids 
disappeaied, fiom an obseivation of Mi J Cun duly, in a book published in 
1661, enUtled, Bntannia Bacontca He siys, that « in die month of Febiuaiy, 
foi seveial yeais, about six o’clock in the evening, aftei twilight, he saw a path 
flight tending fiom the twilight towaids the Pkmdcs, as it weie touching them 
This is to be seen whenevei tlie wcaUiei is clcai, but best when the moon docs 
not shine I behove this plimnomenon has been foimeily, and will hcicaftcr 
appeal always at the abovementioned time of the yeai But the cause and 
natuie of it I cannot guess at, and thciefoie leave it to the enqnny of poste- 
iity hiom this desciiption, thexe can be no doubt but that this was the zoch- 
aeal light He suspects also, that this is what the ancients called Trabes, which 
woid they used foi a meteoi, or impiession in the an like a beam Pj mi, hb 



508 


ON niE 70DIACAI El&Iir. 


the angle ST^l having been obseived gieitci than 90°, iTinubt be less Ihi j 
I'iA, 01 the light must extend to a distance liom the sun, gieatei th m the cm I h 
distance Hence, when the eaith is about the nodes of this light, oi the point 
wheie the plane ABC inteisccts the ecliptic, it will be unraciscd in this /oiu 
acil light, 01 , as it is also called, the solai atinospheie M dc Mini an tliiiil 
the Ajiroi a Borealis depends upon this 

734 M Fatio con)cctuied, that this appenance aiisesfiom i collection i • 
coipuscles encompassing the sun m the foiin ot a lens, leflecting the light 
the sun M Cassini supposed that it might aiise fiom m uifanite nunibt i . 
pluicts levolving about the sun , so that tins light might owe its existemt ' « 
these bodies, is the milky way does to an mnumciable numbei ol fixed st i> 

It IS now howevei gcneially supposed, tint it is mattei detached fioin the i 
by its lotation about its axis The velocity of the cquitoiiil puts of tlic su 
being thegieatcst, ivouldthiow the mattei to the gieatest distance, and, on i 
count of the eliminution of velocity towaids its poles, the height to which ti 
mittei would theie use would be dimimshed , and as it would piobibly sjm .1 
a little sideways, it would foiiii in atmosphcic about the sun something in ti* 
foim ol a leas, whose section pcipendiculai to its axis would coincide with fi 
sun’s eguatoi Anti this agices vciy well with obseivation Fhcic is liowi \ t 
a difficulty in thus accounting loi this phenomenon It is vciy well knowt 
tint the ccntiifugal foicc of a point of the sun’s equatoi is a gicat many Ini 
less thill its giavity It does not appeal, theicfoie, how the sun, fioin its i 
tition, can detach aii) of its gioss puticles If they be paiticles detached hn 
the sun, tliey must be sent ofi by some othci unknowm foice , ind in th it i t 
they miglit be sent ofi equally in ill diicctions, which would not agice with t! 
obseived hgiue Ihc cause is piobably owing to the sun’s lotation, altium , » 
not unincdi itcly to the ceutiifugal foice aiismg thciefioin 
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ri. p 2b, says, Emitant Trdbcs, quos docos vacant Des Cartes also speaks of 
a phainomcnon “f the same kind M Fatio de Duillier obseived it immedi- 
ately aftei the discovciy by M Cassini, and suspected that it has always ap- 
pealed It wis soon atcei ob^eived by M Kirch and Eimmart in Geimany 
Inthcyeai l707,ou Apul 3, it was obseived by Mi Derham in Essex It 
appealed in the western poit of the heavens, about a quartei of an houi a ei 
sun set, in the foim of a pyiainid, peipendiculai to Uie hoiizon The base of t is 
pyiainid he judged to be the sun Its veitex leached 15° oi 20° above Uie 
hoii/on It i\as thioughout of a duskv led coloui, and at fiist appealed pictty 
vivid and stiong, but funtest at the top It giew faintei by dcgiees, and 
vinished ibout an lioui aftei sua set This solai atmospheie has also 
been seen about the sun in a total solai echpse, a luminous ling appealing about 

the moon at the time when tlie eclipse was total 

732 Let HOR be the hoiizon, S the sun 18° below at the end of twilight, 
then will A JO lepusent the appearance and position of the zochacal light seen 
at Puis on the list day of Februaiy, and sge will lepicsent the same the next 
moining befoie the beginning of twilight, die sun being at AT, as deteimmed 
by M do Mairan m his tieatise De r Aurora Boreak The distance was 
then about 90°, and 10 about 20° The axis AZ, as coincide with the sun s 
equitoi, ind theiefoie makes an angle of about 7i° with the ecliptic Theie- 
foic as the angle which the ecliptic makes with the hoiizon changes atihffeient 
times of the day, tlic angle which tlie axis of this light makes with the hoiizon 
will dso be vaiiablc Hence, if we dcteiminc the angle which the echpfac 
makes with the hoiizon at any time, it will give us the position If we set a 
celestial globe to the hour, it will show us its position, and thiough what stars 
It wiU p iss, which will theiefoie direct us veiy acemately wheie to look foi it 
Hence It will be most visible, cmteiis paiibus, when ^e eclipbc makes Ac 
gieatcst angle with the hoiizon On Octobei 6, 1684, M Fatio perceived die 
point A distinctly teiminatcd, the angle of which was 26^° M EiMHARa ob. 
solved the sime on Januuy 13, 1694 [n 1683, when M Cassini fiist ob- 
.eived It, SA was 50f oi 60% and 10 about 8" o.^ 9" In 1686 and 168T. SA 
extended horn 90° to 103°, and 10 wis about 20 On January 6, 1688, bA 
did not ippcu to be above 45°, but the hoiizon was then filled wiA fogs, and 
Venus shone veiy biighl The appeaiance therefore depends upon the stet 
of the atmosphere, and situation of the planets, which may pioduce light 
enough partly to obsciue it 10 has sometimes been extended l^o 30 M 
Pingre', in the toiiid zone, has obseived SA to be 120 The thickness 10 
ought to appear different at dificicnt times of the year, because the ear A wdl 

be in a different situation in respect to Its edge , , , , m 

733 Let ABC be a section of the zodiacal light perpendicular to its axis, T 
the earth, and TA a line drawn to the highest point above Ae honzon , now 
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tnely clisapjicaiei.! It was obscivecl by Ticho Brviil, who found that it had 
no sensible puallax , and he concluded (lut it was a fixed stai Some have 
supposed that this is the same winch appealed in 945, ind 1264, the situation 
of its phcc favoniing this opinion 

705 On August 13, 1590, Davin Fabricius obscived a new stai in the 
JVed oj the Whale, in 25° 15' of Aiics, with 15° 54' south IxLitude It disap 
pcaicd aftei Octobu in the same yeai Piiocyi t ides IIoi warda discovcied it 
igun in 1637, not hnowing tint it had cvei been seen bcfoie , and after hav- 
ing di^appe lied foi nine months, he saw it come into view again Bui 1 1 aldus 
dctci mined the pci iodic time between Its gieatest biightness to be 333 days 
Its gieatest biightness is that of a stai of the second magnitude, and its Icist, 
tint of astu of the sixth Its gieitcst dtgice of biightness ho wcvei is not 
ilways the siine, noi ui the saint pluses alwiys at the sunc intcival 

706 In the yen 1600 , WiiruM f ansi nius discovcied a changeable stai m 
the Neck of the Sxmn It wis seen by Kiellr, who wiote a tieatisc upon it, 
and detei mined its phet, to be 16° IS , with 55° 30' 01 32' noith latitude 
Riccioius saw it in 1616, 1621, 1624 and 1629 He is positive that it wasiii- 
visible in tlie last yens horn 1010 to 1050 M Cassini saw it again in 1655 , 
it meieased till 1060, and then gicwlus, and at the end of 1661 itdisappeaicd 
In Novcinbei 1665, it appealed igvin, and disappeaied in 1681 In 171 5 it 
Appealed of the sixth niAgiutude, as it does at piesent 

707 On lune 20, 1670, inothei change Able stai was discoveied neai the 
Artd/i’s Iftad, by P Anhui mi It diSAppciied in Octobei, and wio seen 
ag 1111 on Maieh 17? 1671 On kScpteinlici 11, it disappcucd It Appealed 
Again in Much 1672, ind dHappeued in the sime montli, and has nc\ti since 
been seen It-, longitude was 1° 52' 26" of ", and its latitude 47° 25' 22' 
N The diys 11 c heicjnit down foi the new style 

708 In 1686, Kiiienius obseivcd in the Sxmn to be a ch ingeablc stai , and, 
flora 20yeaTs’ obseivations, thepciiod of the ictiun of the sime phases was 
found to be 405 diys , the vaiiations of its magnitude howevci weie subject to 
some iiiegulaiity 

709 In the yeai 1604, at the beginning of Octobei, Kepler discoveied a 
new sill ncai tlie heel of the light foot of Ser pcntaxius, so vciy biilhant, tint 
it exceeded eveiy fixed stii, and even hiptU in magnitude It was obseived 
to be evciy moment ehinging into some of the eolouis of the lambow, except 
when It was neai the hon/on, when it was geneially white It gi idually dimi- 
nished, and disappcAied about Octobei 1605, when it cimc too near the sun 
to be visible, and was never seen aftei Its longitude was 17° 40' of t , with 
1° 56' north latitude, and was found to have no pai illax 

710 Montanart discoveied two stiis in the constellation of the Ship, 
maikod p and y by Bayer, to be wanting He saw them in 1664, but lost 

S 
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them in 1668 Tlie star 6 in the tul of the Serpenl^ leckoiied by Tyciro of the 
thud, was found, by bun, of the fifth migmtude Tlie atai p in Serpentanus 
did not appear, from the time it was obseived by bun, till 1695 1 he s^i 4- in 

the 7 ton, aftei disappeaimg, was seen by him in 1667 He observed also that 

^ in Medusa s Head voiied in its magnitude . „ , , « .u 

711 M Cassini diacoveicd one new stai of the fouith, and two of the fifth 
magnitude in Cassiopca, also/we now at us in the same constellation, of which 
thiee liave disappeaied , t-m new ones in the beginning of the comt^abon 
Fndanus, of the fourth and fifth magnitude , and Jour new ones of the filth or 
sixth magnitude, neai the noith pole He fuithcr observed, Jat the star, 
placed by Bateu ne ii « of the Little Bear, is no longci visible , that the itar A 
oi Andtomeda, which lud disappeared, had come into view again ih 1695 J that 
m the same qonstellatioti, instead oi out in tlie Knee, maiked «, theii aie two 
othois dome moie noitljeily, and tJiatS is dimmislied, that the stai placed by 
TyOho at the end of the amn qf Andromeda, as of the fouith magnitude, 
could then scarcely be seen , and that the stoi which, m Tycho’s Catalogues is 

the twentieth of Ptsces, was no longei visible 

7J2 M Maealdi obseived, that the stai * ih the left leg of Sagtttanius, 
marked by Bayer of the thud magnitude, appealed of the sixth, in 1671 , in 
1676 it was found by Hi Halley to be of the third , in 1692 it could haidly 
be perceived, but in 1693 and 1694 it wis of tho' fouith magnitude In, 1704 
he discovered a star m to be periodical , its position is m a right hne wiUi 
tliodo m the toll marked v and r The time between its giaat^t hwtie, w tlie 
fourth magnitude, was about two yeais j in the intermediate time it disappeaied 
In ]t666^ IIiviiius says he could not find a stai of the fouith magnitude in the 
evstem scale Libra, obscivcd by Tteno and Bayer, but Mabaldi, in 1709, 
say^ that it had then been seen foi 15 ycaifi, smallci dian one of the fbuith 

See ifewi dVislron page 57 e i 

713 J GoodbicKt, Esq has deteimmed the peiiodlc vauabon of oi 

e Persei (obseived by MoNrANARi to be vaiiable) to bo about 2d 21 A Its 
gie-ttestbiightnessis of the second mogmtude, md least of the foma It 
changes fiomthe second to the fourth m about throe horns ^d a half, and back 
ogam m the same bme, and ictains its gieatest brightness for the ofoei pait of 
the bme See the Phi Trans 17S3 In the Cotmmmce des Temps, foi 
1792 M de la LAirtm has given the following Tables to find the time when the 
bnghtness is the least I havn leduced the epochs to the mortdlan of Gieenwich 
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lABLES OF THE VARIATION OF ALGOL 


EPOCHS 

MEAN MOTION I OR MONTHS 

TEARS 

D 

H 

M 

MONTHS 


I) 

II 

M 

1796 B 

2 

7 

38 

Januaiy 


0 

0 

0 

1797 

1 

11 

25 

lebiuaiy 


0 

12 

59 

1798 

0 

15 

12 

Much 



1 

5 

10 

1799 

2 

15 

49 

Apnl 



1 

18 

9 

1800 C 

1 

19 

36 

May 



0 

10 

19 

1801 

0 

23 

23 

Juno 



0 

23 

19 

1802 

0 

3 

10 

July 



2 

12 

18 

1803 

2 

3 

47 

August 



0 

4 

28 

1804 B 

0 

7 

34 

Septembci 


0 

17 

28 





Oof aKoi 


O 


27 




1. i.r 1 





u 

In leap year we must ?idd a day to the 
calculation in January and Tebunry 

Novembei 

Decerabci 


2 

1 

19 

11 

27 

87 

MEAN MOTION EOR YEARS 

REVOLUTIONS 

YEARS 

E 

n 

M 


D 


H 

M 

s 

1 

2 

0 

36 

1 

2 


20 

49 

2 

2 

1 

4 

23 

2 

5 


17 

38 

4 

3 

0 

8 

11 

3 

8 

14 

27 

6 

4 B 

1 

8 

47 

4 

11 

11 

16 

8 

5 

0 

12 

34 

5 

14 

8 

5 

10 

6 

2 

13 

10 

6 

17 

4 

54 

12 

7 

1 

16 

58 

7 

20 

1 

43 

14 

8 B 

2 

17 

34 

8 

22 

22 

32 

16 





9 

25 

19 

21 

18 





10 

28 

16 

10 

20 
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714 Ml GooDEfcKE -Uso discovered, thit P Ly)a. was subject to a peuodic 
vauation Ihe following is the losuli of his obseivaLions It completes all its 
nhases in IS diys 19 horns, dining -wliich time, it undeigoes tho following 
&-1 Itisofthethlidmagiutndefoi , bout two days -S Itdiminishes 
in about li days -8 It is between the fouith and fifth magnitnde for less th in 
,, dw _4*It incieases in about two days — « It is of the thud ma^itude fei 
about thiee days -6 It diminishes m about one day -I ItissomeUiinglargo. 
than the louitb magnitude fbi v httlc less than a day -8 It inueases in aboid 
one day and thiee quarleis to the fiist point, and so compto a whole pm od 

Soo the PW f>i»« 1185 He his ilso found, that XlspSeiis BubjMt to a 

peiiodicyuiationof5i 8/, 374 , doling which time it undeigoostiefoUo^ng 

changes i It is at ila gieatest bughtnoss about 1 day 13 horns — S 
nution IS peifoimod iil about 1 diy 18 horns r-3 It is at its gicatesiobscuia 
Uon about 1 day 12 hours --4 It increases in about 13 houis Its gieatest and 
least biighlness IS that between Ibe Ihiid and louith, and between the lomth 

*” 71 *^ iTSo” rrihg has discoveiod » ArUmot to be a vaiiiJiIe stai, with a 
pciiod of 7 diys 4 houis 88 minutes The changes happen as follows 1 
n dt Its gicatost biightness 4 1 ihoms -2 It decreases 62 J= houis -8 It is at 

»tBlei8tbiightues8 30±houis-4 It mcieises 36d:houis menrnostbught 

It 18 of the^Uiiid 01 fouith mignitude, and when least, of the fouith 01 fifth 

^° 7 l^ 6 ^In*le^P/«/ 1796 , Di IlnflflouEji has pioposed a method of 

observing the ch inges that may happen to the fixed stais , with a oataio^e 6i 
then compaivuve biightness, in oidci to osccitam the peimanency of then 

^'Ti 7 Di IlnnscnnL, in a Paper in tlie P/«/ Trans 1783, upon die piopcr 
mouon olthe solu system, Ins given a laige -U-hon 

meilvseen, but aio now lost, also v catdogue of vunble stais, and of new 
stais^ and vei y justly obsei ves, tlut it la not easy to piove that a star was nevei 
seen bcfoic fo^ tbo^ it should not be contained m any catalogue whafovei, 

;3r.' i 

There have been various conjectuies to aewunt foi the ^ 

the change iblc stais M Mauieetuis supposes, that they may have so qu 
a motion^ ibout their axes, that the centiifugal foice ^ , 

oblate sphcioids, not much unlike a mdl stone , that its plane ““-y ® ^ nf *l,e 
to toe ^ImeTtoe orbits of its planets, by whose ^tU^tioii ^ 
body may be altered, so to it when its plane passes thiough toe earth > it m y 
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be iliaost 01 cntiiel} invisible, nncl then become igun visible n& its biond sick 
IS tuiiied townids us Oihua h iv e conjcctuied, th it considei ible paits of then 
suifice uc cm tied vuth daik spots, so that when, by the lotation of the stai 
these spots lie piesented to ns, the st us become almost oi cntiiely invisible' 
Othei hue supposed, that these stus have veiy luge opaque bod es i evolving 
about and neai to tliem, so is to obscuie them when they come in conn.nction 
wit 1 us Ihe lutgLilarPy oi the pliases oi some of them, shows the cause to 
bevaiublc, and theicfoic niaj peilups be best accounted ioi, by supposing 
lint a gieat pmt oi the body of the stai is coveied with spots, which appeaf 
md disippeai like those on the sun’s smface Tho total disappeai nice ot a 
sti. miypiohibl) bethedcstiuctionof Its system, and the ippeuance of a 
new stUj the cicitiuii o/ £i new S)sfcin of plincts 

719 Ihe fixed sf us aie not all evenly spieid thiough the heavens, but the 
gicatci put of them aic collected into clusicis, of winch it leuines i laiao 
magmf)ing powei, with a gic it qumtity of light, to be able to distinguish the 
stais sepu ilcly With a &auU m igmf ying powei and quantity of light they 
onlj appear small whitish spots, something like a small light cloud, and fiom 
thence they wcie eillcd JVe/mk Ihcre aie some nebulm, howcvei, winch do 
notiecdve then light fiom slais In theyeai 1656, IIuvonNs discoveied i 
nebiiluu the middle of Smid, it contains only seven stais and tho 

othei pait IS a blight spot upon i diik giound, md appeus like an opemim 
into bnghtci ugions bejond In 1612, Simon MAmus discoveied a nc 
bull ill the ard/c 0} Amhomedu l)i IIaiiiy, when he wis obseiving ihe 
soLithun stus, (hseoveicd one m the tenkner , but this is iievci visible in 
hnglmd In fill, he found inothei m Ileunks, neaily in i line with t md 
’l OlBvvui llns shows itsili to the inked eye, when ihe sky is cleai md 
tlu moon absent M Cassini discoveied one between the G}ecU Dog and the 
S/np, winch he desciibcs is veiy lull of stus, md Veiy bciutiful, when viewed 
with i good telescope Ihcic ue two whitish spots iieai the south pole, called 
by sulois, the Mai^ollanic iloudb, which, to the naked eye, lescmble the milky 
wiy, but tluough tik scopes they ippcu to be composed of stais M dc la 
C All Li , in lus c u ilogiie of hxed st us obsen ed at the Cape of Good Hope, h is 
lemaiked 42 nebulic which he obscivecl, and which he divided into tluee 
classes , foil! tetii, m which he could not discovci the stais , ioiutcen, in which 
he could see i distinct miss oi stais, md fouiteen, m which the stais appealed 

of the sixth raagnitiidi, oi below, accomp mied with white spots, and nebulae 
ol^thc fiist md thud kind In the Connoissance dcs Iempi>, foi 1783, and 
1 /b4, theie IS i catalogue of 103 nebnln, obseived by Messmu and Mcciiain!, 
some of which they could lesoh e, and othcis they could not But Di Hnns 
CULL lias given us a catalogue of 2000 nebulae and clustei of stars, which he 
hiixiself Ills discoveied Some of them foim n loiind compact system, other*? 
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aie moicuicgulu, oI vaiious foims, -uid some ate long and nanc\^ 

QlobiiUi systems ot stus appe-u ihicbci in the middle th-xn tliey won d oi 
the sins weic all at equal distances fiom eich otlici , they ue theieloic con 
densed towucU the centei That tlie stus should be thus accidentally dis 
posed, 13 too impiobablc a supposition to be admitted , he supposes thmcioie, 
tint they aie thus biought togcthci by then mntuil attiacUons ind that Uie 
ffi iduil condcnsition to^iaids the ceiitci is a pioot ol a cential powci ot such 
\ kind He Imthei obseivcs, that theie aie some addiUoml cucumstances in 
the ippeuincc ol extended clpsteis and nebnhE# tliat veiy inuc'v 
idea of a powei lodged m the bugbtest pait Foi although the foira of them 
be not globulai, it is plainly to be seen tint tlicic is a tendency towaids sphe 
iicity, by the swell ol the dimensions os they diaw neai the most luminous 
pi ICC, denoting, xs it weie, a couise, pi tide of stus, setting towards a center 
As the stus in tlie sxme nebulse must be veiy ncoily all at the same iclxtiae 
distances born us, vnd they appeal ncaily of the same size, tlieu ^eal m^m 
tudes must be nexily equxl Gi xuUng thcicfoie that those ucbulm and clmteis 
ofstvisaiefoimcd by then mutuxl atUxction, Di IlrMcnj n concludes that 
we may judge of then lelxtivc xgc by the disposiUon of bieu component pa ts, 

those being Uxe oldest which aio most compiossed J 

w ly to bo a nebula, of wliiob oui sun is one of its component stais bee th 

Phtl lians 1786 md 1789 

720 Di HLRScnLnhasdiscoveiedotheiphmnomenamtbcbcavcnswhichbe 

colls Nebulous Stars, that is, alms suiiounded with a faintlummous atmosphere 
of a considoiable extent Cloudy oi nebulous stais, he obseives, have b 
mentioned by sevei xl Astronomeis , but tins name ought not to be apphed to 
the obiccts which they have pointed out as such, foi, on cxxmmaUon, they 

moved to he eiibei clusteis of stais, oi such appeal xnces as 
^uppLd to be occouoned by a multitude of sUis at a vast distance He Im 
gilla an xccount of seventeen of these st us, one of which he Ixm bins 
« Novcmbci 13, 1790 A most singulai pba.nomenon A sLai of the ig j 
magnitude, widi a fxmtliimmous xtinosphcie, of a cuculai foim, and of about 
S h imctei Ihe sloi is pcifecUy in the ccnioi , and the atmosplieic is so di 
luted funt xnd equxl thioiighout, that theie cxnbe no suimiseof its consisting 
of stais, noi cxnUiciebe x doubt of the evident connecUon between the xt 
raospheic xnd die si u Anothei stu not much less in biightness, and in the 
same field of view with the above, wxs peifcctly ficc fiom any siich appeal 
xnce ’ Ilonco he diaws the foUowing consequences Gianting the connec 
Hon between the star and die suiioundmg nebido&ity, if it consist of stais veiy 
remote which gives die nebulous ippcaiance, die centiol stoi, which is visib e, 
ZstL irnLLcly gieatci than die icst, oi if the centnl stoi he no bigger 
than common, how oxticmely small xnd compicsscd must be diose other lumi 
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nous points which occasion the nebulosity? As, by the foiraei supposition, the 
luminous ceiitial point must fai exceed the standaid of what we call a stai, so, 
111 the lattci, the shining mattci about the ccntei will be much too small to 
come undei the sime denomm ition , we theicloie eithei have a cential body 
which lb not i stai, oi a lii which is involved in a sliming fluid of a natuie 
tot illy unknown to ns J Ins list opinion Di IlLEsciin adopts Ihe existence 
of this bhming mattei, he says, does not seem to be so essentially connected 
vith the cential points, that it might not exist without them Ihe gieat le 
semblance thoie is between the cheveluic of these stais, and the diffused 
nebulosity tlieic is about the constellation of Onon, which takes up v space of 
moie than 60 squaie degiecs, icndeis it highly piobxble that they aie of the 
sune natuic If this be admitted, the scpai ite existence of the luminous 
mattci IS fully pioved Light leflccted fiom the stai could not be seen it this 
distance And besides, the outwiidputs aic neaily as blight as those neai 
the stai Infiuthei confnmitiou of this, he obseivcs, tint a clustei of stiis 
V ill not so completely iccount foi the milkincss, oi soft tint of the light of 
these nebula?, is a self luminous fluid Ibis luminous mattei seems moie fit to 
pioduec I stu b} its condensation, thin to depend on the stai foi its existence 
fbeie is a telescopic milky vay extending in light ascension fiom 5h 15 8 to 
5h 39 1 , and m poll! dist nice fiom 87 46 to 98° 10 This, Di Hersciiel 
thinks, is bettei accounted foi, by i luminous mattei, thin fiom a collection of 
St us lie obseives, tint pcihaps some miy account foi these nebulous stais, 
b} supjiobing tint the ncbulosit} miy lie foimcd by a collection of stais it an 
immense distincc, iiid that the centiil stai may be a neu stai accidentally so 
pi iced , the ippeai nice hovevci of the luminous put docs not, in his opinion, 
it all fivoui the supposition thil it is pioduecd by a gicat numbei of stais , on 
the otlwhind, it must be glinted that it is extiemcly difhcult to admit the 
othci supposition, when we know nothing but a solid body that is self luminous, 
01 , at leist, tint i fixed liiminuy must immediately depend upon such, is the 
flirai of i cindlc upon the c indie itself See the P/n/ Tram 1791, foi Dr 
TIuiseiiEi ’s account 


On iTie ConsleUaimis 

721 As soon as Islionomy began to be studied, it must have been found 
necessaiy to divide the heavens inm sop ii ate paits, and to give some lepiesen 
titions to them, in oidei that 'kstionomcis might dosciibe and speak of the 
stiib, so as to be undcistood Accoidingly we find that these ciicumstances 
took place \eiy eaily The uicients divided the heavens into Conslellations, oi 
collections of stais, ind icpicsentcd them by animals, and othci figuies accoid 
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iiiff to the ide-vs winch the. di positions of the atsis sUgges.cd We find ome 
oi them mentioned by Jon vnd dthough it hia been di puted, whe hci oui 
ti in htioii hib soractiinea given the tiue nicamug to Uic Ilebiew woids, yet it 
IS igiecd, tint they sigmiy the coiistcllations homo ol them oie mentione 
by lIoMPR uid IlrsTOD, but Aratus piofessedly tie its of ill the -incient ones* 
except thiee which wcic invented sfloi his ume The numbei ol the ancient 
conslclhtions wis 48, but the pieaent numbei upon a globe is about 70, by 
recUfying which (as will be iftciwudb explained), ind betUng it to coiiespond 
with the btais in the he wens, you may, by compiling them, veiy easi y gc a 
knowledge of the difleicut coiistcllaUons and tais Those alms winch do not 
come info my ol the c onstell itious, aic caUed w^oi med ^lars The stai s visible 
to the ml ed eye iie divided into six chases, accoiding to then magmtudes* 
the higist aie eilled of the fhst magnitude, Uie next oi the second, and so on 
Ihobc winch cuinot he seen without telescopes, aie called S ars 

I he St us lie now gcnoi illy m u ked upon m ips and globes with BA^rii s lettci s * 
the fust kttei m the Gicck ilphabot bung put to the gicitcst slai ol each con 
stcllvLion, lliG SLCoiid Icttci to the next gicxlest, and so on, on ny 

moie lettcis aie w uited, the It die ehiiactcis -ue gcneially used , this selves m 
i n mie to the stu, by which it ra ly be pointed out 1 welvo of these cons^ 
litioiislieiipon the ecliptic, incliuhug a spico about 15 hioad, cillcd the 
/oc/mc, within winch dl the pi nuts move Ihe consUilhUott Artes, oi the 
licwu ihout 2000 ycais ago, 1 1 > in iliojnl sign of tlie eeliphc ’ 
of tin piecession of the equinox, it now lies in tlic second following are 

the n line < of die constellations, and the numbei of the slais obseivcd in them 
by diflcienl Astionoraeis An'^fms was made out of the unfoimcd staisneai 
AoMln mil Coma Ikreniccs out of the nnfoimed stais neai iion slatl 
They aie both mentioned by Pion mv, but is unfoimcd stais Tlio Cons a- 
lionsasfiias the Xumgle, with Com i Berenices* aic no? Uipsc aftci 
Pisces, lie southern 
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IIIL ANCIliNl CONSTEr LATIONS 




PlOLEMY 

1 YCIIO 

IIpvrLius Ti 

iMSrEAI> 

Uis i Minoi 

The Little Bern 

8 

7 

12 

24 

Uisa Mijoi 

The Gieat Bcai 

3S 

29 

73 

87 

3^1 dco 

The Diagon 

31 

32 

40 

80 

CtCpheus 

Ciepheus 

13 

4 

51 

35 

Bootes 

Bootes 

23 

18 

52 

54 

Colon i Boieilis 

The Noithein Ciown 

8 

8 

8 

21 

Hei cules 

Ileiculcs kneeling 

29 

28 

45 

113 

Lyia 

The Hup 

10 

11 

17 

21 

Cygnus 

The Swin 

19 

18 

47 

81 

Cas&iope V 

Iho Lady in liei Ch ui 

13 

26 

37 

55 

Peiseiis 

Pei sous 

29 

29 

46 

59 

Auiig-x 

The Waggonei 

14 

9 

40 

66 

Seipentums 

Soipcntuius 

29 

15 

40 

74 

Seipens 

The Serpent 

18 

13 

22 

64 

Sagitti 

Phe Allow 

5 

5 

5 

18 

Aquila 

The Eagle ) 

IS 

12 

23 

71 

Antinous 

Antmous > 

3 

19 

Ddphmus 

The Dolphin 

10 

10 

14 

18 

Eqi Lilus 

Ihe IToisc’s Head 

4 

4 

6 

10 

Pegasus 

Pile I' tying IIoisc 

20 

19 

38 

89 

AncliomccU 

Andiomcda 

23 

23 

47 

66 

Jmngulum 

Phe Tiiangle 

4 

4 

12 

16 

Aiies 

The Ram 

18 

21 

27 

66 

rauius 

Phe Bull 

44 

43 

51 

141 

Gemini 

The Twins 

25 

25 

38 

85 

Cancer 

Phe Cl ah 

23 

15 

29 

83 

I eo 

Phe Lion ? 

35 

30 

49 

95 

Coma Beicmccs 

Bci enice’s Hair 5 

14 

21 

43 

Vngo 

The Viigin 

32 

33 

50 

110 

Libia 

The Sc lies 

17 

10 

20 

51 

Scoipius 

The Scoipion 

24 

10 

20 

44 

S igittaiius 

The Aichei 

31 

14 

22 

69 

Capiicoinus 

The Goat 

28 

28 

29 

51 

Aquaiius 

The Watei beaier 

45 

41 

47 

108 

Pisces 

The Eishcs 

38 

36 

39 

113 
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HIE ANCIENT CONSTELLATIONS CONTINUED 




PlOLLMY 

licno 

Ilcvn IDS 

1 L VMaTE 

Cetus 

Iho Wli vie 

22 

21 

45 

97 

Oiion 

Oiion 

18 

42 

62 

78 

Liidanua 

End inus 

‘’4 

10 

27 

84 

Lepus 

The Ilaie 

12 

13 

16 

19 

Cams Majoi 

The Gicil Dog 

29 

13 

21 

31 

Cams Minoi 

Ihe T ittle Dog 

2 

2 

13 

14 

Algo 

The Slup 

4.S 

3 

4 

64 

Ilydia 

Ihe Hydia 

27 

19 

31 

60 

Cl vtci 

Ihe Cup 

7 

3 

10 

31 

Conus 

Iho Ciow 

7 

4 


9 

Cenlauius 

The Coulaui 

37 



35 

Lupus 

I he Wolf 

19 



24 

Aia 

The Altai 

7 



9 

Coiona Austi oils 

Ihe Southun Ciowii 

13 



12 

Piscis Austi alls 

The SouUieiu lush 

18 



a 


TIIE NEW SOUTHERN CONSTLLL4II0NS 


Columba Naochi 

Robui Cuolnmin 

(iius 

Phooniv 

Indus 

Pivo 

Apus, Avis Indica 
Apis, Musca 
Chameelcou 
Ti langulum Austi xbs 
Piscis volans, Passer 
Doi ido, Xiphas 
Toucan 
llydius 


Noah’s Dovo 
I ho Royal Oak 
Jhc Ciane 
Ihe Phoenix 
1 he Indian 
Ihe Peacock 
Tho Budof Piiadisc 
iho Bee oi Ely 
I he Chameleon 
The South Timngle 
Ihc Flying lush 
The Swoid Fish 
Iho Araciican Goose 
TheWatoi Snike 


10 

12 

13 

13 

12 

1^ 

11 

1 

10 

5 
8 

6 
9 

10 
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JILVELIUSi CONSILLLAIIONS 
Made out oj Iht Unjormed Slat y 


Lynx 
Leo Minot 
Astcion ind Chin 
Ceibeius 

Vulpccuh ind Ansci 
Scutum Sobiehki 
Liccitn, 

Cimclop lid dus 
Monoccios 
Scxt ins 


Ihc Lynx 
The Little Lion 
The Greyhound's 
Ceibeius 

The Fox ind G oo"e 
Sobicski s Shield 
dhe Liz lid 
riic Cimelopiid 
Ihc Unicoi u 
Ihc Sextant 


Ilcvi LIUS 

r I \M Ti 

19 

44 


53 

23 

25 

4 


27 

35 

1 

16 

32 

58 

19 

31 

11 

41 


Besides the Icttcis which no piefixed to the stais, many of them h ive n imes, 
IS Regtdusy Sijnm, Arcluriis, &c 

122 KrpirR;^ who was iftei wilds in this conjectuie followed by Di IIai- 
iny, his made i vciy ingenious obseivition upon the nngmtudes ind distinccs 
of the fixed stiis lie obseives, tint theie can be only is points upon the 
sinfice of 1 sphcie is fu distant horn cich othei as fiom the centei , and sup 
posing the nenest fixed stus to be is fu fiom each othei is fiom the sun, he 
concludes tint theie cm be only IS stais of the hist magnitude Hence, it 
twice tint distincc fiom the sun, theie miy be placed foui times is many, oi 
52, It thicc times tbit distance, nine tunes is many, oi 117 , md so on 
These numbeis will give pietty nearly the numbei of stus of the fust, second, 
thud, &c magnitudes Di IIallty fuithei icmaiks, tbit if the numbei of 
it us be finite, and occupy only a put of space, the outwaid stais would be con 
tinuall) atti icted towuds those which aie within, and in piocess of tune they 
would CO ilescc and unite into one But if the numbei be inhnite, and they 
occupy an infinite space, all the puts would be npaily in equilibiio, and conse 
quently each fixed stai being di iwn in opposite directions would keep its 
pi ice, 01 move on till it had found an equilibiium EhH Jraiib N 564 


» It 13 not heie to be undeistood that tlieic can be 13 points upon the juifice of a sphere eqmdi 
hUlc ^1^'? ° and fiom the centei of the sphe.c but only tint 12 equid.stint po.nta wdl be a 
htt c furthei fiom each other than from the centei so that if the e points weic reduced to the s ime 

belcfiaspace gieatei than the othei spices into which 
you might put anothei point but not under the on cumstances> of the ic t 


ON THE CATALOGUEu OF lUL IIXLD STAtlB 
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On the Catalogues qf the Fated Stojs 

t Jew afJ m ilng L fixed .t «b^md 

j;:, r: iL Ui, or 

„. .„suu„,eet to toy “ 1 ™ , 

Jt'jX LoJ 4 :S.o TrfitolmbJtl aSJo". 

r^yrcr£j^«^V^^ 

Di MASKiitsi tltltta . lod theu allow lot thepiooea 

r cvedfito fixed .tat. 

Mon fiom tint ^ the Gic-U , he made a 

anew, wxs ^ ^ 1437 Wit lum, the most Ulustnous 

? r V. of Uc ^ 1,0 observed, he com 

pS:fiJ,lto.ob.,own~ 

tuted the C(/7«i/orw/ u mill I, 7 mnidiui the mciidiui ilUtude being 

voiis, uul the dechnitions, ou Tiomthencc he Computed the latitudes 
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ON THU CATALOG UE*! OP THE FIXED STAR'? 

lus instiumcnt wis vciyhige, and consLi acted with gieat accuiacy, yet not 
having pendulum clocks to meisuie lus time, lus obseivations cannot be vciy 
acemate The next caliloguc wis tint o/ 11 P Riccioins, which was taken 
^om Pyciio s, except 101 stus which lie himself had ob eivcd IIevelius of 
Pmtzick in 1690 published a citaloguc of 19^0 stai , of which 950 wcie 
known to the ancients , 603 hp calls his own, because they had not been ac 
qmately obseived by any one befoie himself, and 37 Y of Di IIai ley which 
weie mvisible to lus hemisphcie Iheii places wcie fixed foi the jeai 1660 
The Bnluh Catalogue, which was published by Mi Mamstead, contains 3000 
stais, lectified foi the yeai 1689 Ihey aie distinguished into seven degiees of 
magnitude (of which the seventh degice uc telescopic) in then piopei constel 
a ions Ihis e It dog lie is inoii eoiiecl thin any of the otheis, the ob 
scivitions having been mule with bcttei instiumcnts He also publi hed an 
Atlas Cceleslis oi mips of the stus, in which each stu is hid down in its tme 
phee, uid delineated of its own magnitude 1 ich stai is maikcd with a let 
tei, beginning with the fust Icttei « ol the Gicck alphabet foi the higcst stu 
of each constellation, and so on iccoiding to then magnitudes, following, in 
this icspect, the chuts of the same kind which wcie published by J Baylii, i 
Geiinin, in 1603 In the yen 1757, M de h Caiele published lus lunda 
mcnla Asltonomid, in which theic is a e at ilogue of 397 stais , and m 1763 he 
published a catalogue of 1942 southeiii stais, fiom the tiopic of Capricoin to 
the south pole, with tlicii light ascensions and dechintions foi 1750 PIc also 
published a citiloguc oi /odiic il stus iii the Lphunendes fioin 1765 to 1774 
Ml Mayi II ilso published i e it iloguc of 600 /odi ic d stais In the NantLl 
Alnumacioi 1773, theu is published icitdogucof 380 stais obseived by Di 
BriADLi 1, with then longitudes and 1 ititiules In the yeu 1782, J L Bode 
Astionoinci it Bcilin, published i set of Cckshal Charts, containing a gieatci’ 
niimbci of stais than in those of Mi Piamsti ad, with many of the double stus 
ind nebuhe He also published, in the same woik, a catalogue of stais that 
0 IiAMSiEAD being the foundition, omitting some stais, whose positions wcie 
lelt incomplete, and iHciing the numbeis of othcis, to which he h as added 
stus fiom III VET lus, M dc la Caiele, Mayeu and otheis In the yeai 1776 
thcie was published at Bcihn, a woik entitled, Rocuctl de Tables Asironormques 
in which IS contained a veiy luge catalogue of stais fiom IIeveiiu,, Plam^ 
sfead, M de li Caiele, and Di BiiAnriiy, with theu latitudes and lomntudes 
foi the beginning of 1800, with a catalogue of the southern stais of M de la 
Caille ,— of double stais , — of changeable stus, and ol nebulous stais This 
is a vciy useful Woik foi the Piactieil Astionomei But the most comnlete 
catalogue IS that published by the Rev Mi Wollaston, F R S m 1789, en 
titled, A Specimen of a General dstr on onneal Catalogue, art an ged in Zones o! 
North Polar Distance, and adapted to January 1 , 1790, containing a Compara 
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Ute Jioo of Hie Mean PosUion'i of Sim h Nebula., and Uustets of Slars, av 
they cowc out upon Calculation fiom the lablei of several principal Obsenen 
By ui in£^in{, the stus into ^oncs pii vllol to tlic eqintoi, an obseivcr, miLIi his 
telescope ou ui equitouol si mil, will have the stus pass thiongh m the oiclcr 
in which he hntlb them in the citiloguc, by which ho will moio icadily tmd 
out what ho wants, being picpaicil loi its appeal xnce The Urst Tible con- 
tains a ell ilogue ol Uie mean light ascensions ol *36 piiiicipal stus foi Jiniiaiv 
1 1790, V bcttlcd by Di Maski line, with then annu il piecesaions, and 

piopci motions Ihe second lible contims the gonci il catilogne oi all the 
staib whose pi ices have been well isceitained, togethci with those nebul'C ind 
clubtoib of stu-i which can easily be seen, by i good common telescope, with 
then light ascensions and noith jiolu distances, ind Uicu innnal piccesaionb , 
also then maginindes, and tlie inimbei, namo oi chaiactci oltlic object, and 
by whom it wis obseived ihe thud 1 tble contains in index to the stais in 
the Biitish Citaloguc, leleiiing to the /one ot noith polai distance m vhich 
each is to be ionnd The /ouith i iblc contiins in index of those st-usm IM 
de la CAiiLi’b fundunentil citdogiie, winch u c not m 1 1 smsti ah’s Ihi 
filth liblc contiins l*i amsu ad i. IJiitish CilUoguc, and M dclaCAiurs 
soiitliein cililogiic, with ibout eighty ciicumpolu stais horn IIivllios winch 
hid been omitted by Ir amsii ad, man ed in then oidei ol light iscensions in 
timeloi Jinuiiy ], 1790 ihe bixth i ible contiins i citiloguc ol the zodi 
acal stais foi 9” of latitude, an uiged in then oidei of longitude loi Juiuaiy 1, 
1790 ihe whole concludes with a plan foi examining the heavens, piopobing 
that difleicnt peisous should undcitiko diffeient zones and examine tliom veiy 
imnutclj , iccoinmcnding a system of wnos in a telescope which he has found 
veiy convenient foi thit puiposc ihe Piaotical Astionoinoi is undci veiv 
gieatobligitionato Ml Wollaston foi o useful and complete a Woik 


On the Propel Motion qf Ihe "Fixed Slats 

724 Di Maskilyni, in the expluiation ind use of Ins Tables which he' 
published with the fiist Volume of his Observations, obseives, Hut many, if not 
UI the fixed stus, hive small motions among themselves, which aie c died then 
Proper Motions, the eiuse md laws of which oie hid foi Uio piosent m olmost 
equal obseuiity Iiom compiling his own obseivitions at Uiat tune wit 1 1 ose 
ofDi BRADirY, Ml iLAMSTEAD, and M RoLMin, he then found the annual 
piopcr motion of the following stais in light ascension to be 6f Snrvs-0 ,6S, 
of Castor of Piocyon^o,8, of PQffiu-0,93, of licpdus-^ 0,41, of 
Arcturus-l ,4, and of « + 0 ,57 ; and of m noiUi polai distance 

1 ,20, and of Arclurus 2,01 botli soutliwoids But since that time he had 
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ON THE PnOIER MOTION OJ THE IIXED blAIlS 

continued lus obscivitionsi, “ind fiom a catvlopue of the me in light wciisions 
ol36piincipd tus (ivluch he communic itcd to Ml Wollaston induioimd 
in Ins WoiL), it ippciis tli it 3!) of them h ivc i ptopet quotum in light iiccnsion 
735 In the )cti nSb, M Maylh obscivcd 30 stiu, uid compiled them 
with the obscnitions of Roimlii in 1706 M Maylr is of opinion, tint (fiom 
the goodness of the iiistiuraents with which the obseivitions wcic made)wheic 
the disTgiecmcnt is at leist 10 oi 15 , it is a vciy piobible indie ition of a pio 
]iei motion of such a stai He fuithci idd , that when the disagi cement is so 
gieatashehis found it in some of the stais, amongst which is Fomahmd 
wheic the diffciencc wis 21 m 50 ycais, he has no doubt of i piopci motion 
Di IIlHjCihl, following Msyrii’s judgment of his own ind Rolmlh’s ob«ei 
\ itions, ha tompned the obseivitions, and leaving out of lus account ill 
those stu Mhieh did not show i dis igiceinent iraounting to 10 , he found that 
56 of them hid i piopei moiion I'lom thence be attempts to deduce the mo 
tion of the solu system in the following mumei 
lie 796 If the sun be fust at S, ind then move fiom ^to C in the line AB, 
177 a sLu at 5 would ippeai to move fiom « to i hence if we suppose JiiiAfJ to 

be the ecliptic, my stu lu the semieiielc BKA, supposing tint to be the older 
of the sign , will hive its longitude, leekoned from the point to which the sun 
IS moving, meiciscd, but a stir m the othei semiciiele will have its longitude, 
so icckoned, diminished Ihose st ns which do not he in the cthptii would 
have then, latitudes ilteicd, fhose would be mcieised, tow nds which the sun 
wis moving, ind those diminished, fiom which it was leccdmg 1 he effect 

will he loss m piopoition as the distance of the stai is gie itci, md as it is neuer 
to A and B in angular distuice riicse would be the ippeu inces, if the stus 
themselves weie at lest, but if any of them be in motion, these effects will be 
dtered accoiding to then motion compaicd with the motion of oui sun 
home of them thcicfoic fiom then own piopci motions might destioy, oi moie 
thm countei ict tlic effects uising fiom the motion of the sun, and ippcuto 
fuve motions eonti uy to whit is licie desciibed Like effects will be pio 
duced, if oiu sy tern move m iny diiection out of the ecliptic Iloncc, in 
whitover diicction our ystem should move, it would be veiy easy to find what 
effect of latitude and longitude would h ivc taken place upon any stai by means 
of a celestnl globe, by conceiving the sun to move fiom the ccnlei upon my 
ladms diiectcd to the point to yhich the sun is moving Di Plniscirri dc 
scribes the effect thus Let an u c of 90“ be applied to the uif icc of a globe, 
and alwajs passing thiongh that point to which the motion of the system is 
duected Then whilst one end moves along the cquatoi, the othei will de 
sciibe icinve passing through its pole andieturning into itself , and the stais 
in the noithun hemispheie, within this ciuvc, will appeu to move to the 
noith , md the lest will go to the south A simdu cuive may be described in 
tlie soulhein hcraisphcit, and like appearances will take place 
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ON THr JHOlTOt t i X t ’"XM'D ST XR9 

727 Now Dx HERSciirL fiist tikos the seven stais bofoie mentioned, whose 
propel motions hid been dctci mined b} Di Mabkeiinl, ind ho finds, tbit it 
the point A be assumed ibout the 77 of light ascension, and the sun to move 
fiom S to C, Uiat it will iccount foi all the motions m light ascension And 
if instead of supposing the sun to move in the pi me of the equatoi, it should 
ascend to a point neu tOy IletcuUs, it wiU account foi the obscued change ot 
declination ol Swims and us In respect to the qiuinttli/ of inotioii of 

each, that must depend upon then unknovin iclatiic distiiices , he only j tales 
hcie of the dtiecUons of die motions 

728 He next takes twelve st us fiom the cat iloguc of 56, who c piopci mo 
tions have been dcLcimmcd fiom a compaiison ol the obscivitions of Rocmer 
and Maylr, and adds to them Regulus and Caslor , these have ill a proper 
motion in light ascension and dechnation, except Regulus, which his none in 
declination Of tliesc 27 motions, the above supposed motion of the solai 
sistcm will saUsfy 22 Ihcio aic also some icmukiblc cucumstancos m the 
qiianliUes of these motions Aicluius and Stnm being the Ingest, and theic 
foie piobibly the neaiest, ought to have the gicatest appuent motion, and so 
wo find Uiey have Also Aicluuis is bettu situ itcd to have a motion iij light 
ascension, and it has thegicitcst motion .Sevcial other agiccments of the 
tame kind aie found also to tike place Rut thcie is i veiy icmukable cii 
cumsUnco in lespoct to Cistoi Cistoi is i double stai , now how cxUaoidi 
naiy must appear the concuiionce, tint two such stais should bodi have ipiopei 
motion so exactly alike, that they havo ncvoi been found to vary a Single second 
Ihis seems to point out the common cause, the motion of the solar system 
729 Di IlrnscnEL next takes 32 moie of the same catalogue of SQ stars, and 
shows tint then motions agiec veiy well with bis supposed motion of the solai 
system But the luoUons of ibc otlici 12 stais cannot be accounted for upon 
this hypothesis In these thcieloic he supposes the effect of the solm motion 
has been destioyed and eounteiacted by tlicii own piopci motions Thermo 
miv be said of 19 stais out of the 82, Avhich only agiees with the sofiii motion 
one way, and aie, is to sense, at lest the othei According to tlie lulcs o 
philosophi/mg theiofoie, winch ducct us to icfci aJl phenomena to is few and 
simple piinciplesas ire sufficient to oxplunthem, Di Ulmciiee thinks we 
ought to admit the moUon of the sol ii sjslcm Peihaps howevei, this aigu 
ment cannot be piopeily applied hoie, because, Iheic iS no now cause oi pun 
ciple inUoduccd by supposing eaeh stai to have a piopei motion Admitting 

the doctrine of umveisal giavitation, tlie fixed stais ought to move as well as 
ihejun But the sun's motion, as heie estimated, cannot be owing to the 
acUon of a body upon it whieh might give it a lotatoiy motion at tlie same 
lime, as M de la Lande conjeetuics, because a body acting on the santo 
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ON THE ZODIACAL LIOHl 




give It its lotation about its axis, would not, at the sime tunc, give it tli it pio 
giessive motion SecDi Hehschei’s Account in the P/i;/ i mm 1Y83 
730 Let us now consitlci, how fu this motion of the solai system agiecs 
with the piopei motion of the 35 stais detci mined by Di Maskelyne Now 
upon supposition that the sun moves, as coiijcctiucd by Di IIi rsciill, that 
motion will account foi the motion of 20 of them, so fu as legaids then diiec 
tion, but the motion of the othei 15 is contiaiy to tint which ought to aiisc 
fiom this supposition As some of the stais must have a piopoi motion of then 
/ own, even upon the h)pothesis of a solu motion, and which piobablj aiiscs 

fiom then mutual atti action, it is veiy piobablc that they have all a propei mo 
tion fiom the same cause, but most of them so veiy small as not yet to have 
been discoveied And it might also happen, that such a motion might be the 
same as tint which would ause fiom the motion of the solai system Yet K 
must be confessed, that the ciicumstince of Castor, and the motions both in 
light ascension and declination of many of the stais being such as aiise fiom 
this hypothesis, with the appaicnt motion being gieatest of those stais which 
aie piobably ncaiest, foima sUong argument in its fivoui 


On the Zodiacal Light 

731 The Zodiacal Light is a pyiamid of light which sometimes appeals lu 
the moinmg befoie sun use It has the sun foi its basis, and in appe uance le 
SQtxihles the Aur ora JBoreabs Its sides aie not straight, but a little cuived, 
Its figme lesembling a lens seen edgeways It is gcnoially seen heie about 
Octobci and Maich, that being the tune of oui shortest twilight, foi it cannot 
be seen m the twilight , and when the twilight lasts a consideiable tune, it is 
withdrawn before the twilight ends It was obseived by M Cassini, in 1683 , 
a little befoie the vcinal equinox, in the evening, extending along the ecliptic 
from the sun He thinks however that it has appeared formerly and after waids 
disappeared, fiom an observation of Mi J Ciiildbey, in a book published in 
1661 , entitled, Britannia Baoonica lie says, that “ in the month of February, 
loi several yeais, about six o clock in the evening, after twilight, he saw a path 
of light tending fiom the twilight towards the Pleiades, as it weio touching them 
This IS to be seen whenevei the weathei is cleai, but best when the moon does 
not shine I believe this phenomenon has been formerly, and will hereafter 
appear always at the abovementioned tune of the year But the c mse and 
nature of it I cannot guess at, and therefore leave it to the enquuy of p|)ste 
rity ” luom this descuptioii, there can be no doubt but that this was the zodi 
aoal light He suspects also, that this is what the ancients called Liabes, which 
word they used for a meteor, oi impiession in the an like a beam Pjiny, lib 


ON THE ZODIACAL LIGHT 

II D 26, says, JE.mtcant Trahs, quos docos meant Des Cautes also speaks of 
a plLnomenon “f the same kind M Fatio de Duilliee observed it immedi 
ately aftei tlic discovciy by M Cassini, and suspected ^at it has always ap 
pcaied It was soon iftei ob eived by M KmcH and Eimhaex in Geimany 
In the yeu 1707, on Apiil S, it was obseived by Mi Derham m Essex It 
appeued in die western poit of the heavens, about a quarta of an houi ofla 
,un set, in the foim of a pyi nnid, pcipendiculor to the hoiizon The base of tbs 
pyramid he judged to be the sun Its vertex leached IS oi 20 above 
hoiizon It was tluoughout of a dusky led colour, vnd at fust appeared pretty 
vivid and strong, but f untest at the top It grew fainter by degiees, and 

vanished rbout an hour after sua set Ihia solu atmosphere has also 

been seen about Uie sun in a total solu eclipse, a lununous iing appearing about 

the moon at the time when the eclipse was total , t* 

732 Let UOR bo the horizon, 6 the sun 18“ below at the end of 
then wiU ^ 70 represent the appearance and position of the zochacal light s en 
at ruis on the last day of Februoiy, and %ge will represent die same the next 
morning before the beginning of twilight, die sun being at i> , rs deteimined 
by M i Mairan in his treatise VAurore Bj^eale The f^^tance ^ 
then about 90“, and 10 about 20“ The axis AZ, as coincide widi th^m 
cquatoi, ind therefore makes an angle of about 7 i with die echptic ^^e e 
fore as the angle which the ecliptic mikes with the horizon changes at different 
Lcs of the £y, the angle which die axis of this light makes wi^ the horizon 
will also be vaimblc Hence, if we deloimine the angle which the ecliptic 
with the hoii 7 on at any time, it will give us the posibon If we s^ a 
celestial globe to the hour, it will show us its position, and 
It will P ws which wiU therefore direct us veiy accurately wheie to 
iirni ft wrUbe most visible, cmtciis pmbus, when ^e eclipUe makes toe 

Vmui shone very bright Hie appearance therefore depends upon toe state 
of the atmosphere, and situatron of the planets, which 
enough poidy to obscure 

ought to appear diffeient at different times of the year, bctausc the eoxto will 

hfi 1T1 a different situation in respect to its edge im 

733 Let ABC be a secUon of toe zodiacal light perpendicukr to its axis, 
the^ earth, and BA a hne drawn to toe highest point above the horizon , now 
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the angle having been obseived gieitei tlnn 90°, 62’mubt be less thin 
^)A, 01 the light must extend to i distance fiom the sun, gicitei th m the eiith s 
distincc Hence, when the eaith is about the nodes of this light, oi the points 
wheic the plane ABC intei sects the ecliptic, it will be immeiscd in this zodi 
ltd light, 01 , IS it IS also called, the solai itmospheie M dc Mviean thinks 
the Aw ora Borealis depends upon tins 

734 M I'ATio conjectuied, that tins appeaiance aiisesfiom a collection of 
coipuscles encompassing the sun in the foi in of a lens, leflecting the light of 
the sun M Cassini supposed that it might aiise fiom an infinite numbei of 
planets i evolving about the sun , so thit this light might owe its existence to 
these bodies, as the milky way does to an innumeiable numbei of fixed stais 
It IS now howevei gcneially supposed, that it is mattei detached fiom the sun 
by its lotation about its axis Ihe vclocit} of the equatoiial paits of the sun 
being thegieatest. Mould tin ow the mattei to the greatest distance, and, on ac 
count of the diminution of velocity towauls its poles, the height to which the 
m ittei would theie use would be diminished , and as it would piob ibly spiead 
a little sideways, it would foim an atmosphcic about the sun something in the 
foiin of a lens, whose section peipendiculai to its axis would coincide with the 
sun’s equ itoi And this agi ces veiy well with obsei vation 1 hei c is however 
a difficulty in thus accounting foi this phaenomenon It is veiy well known, 
that the ccntiifugal foice of a point of the sun’s equatoi is a gicat many tunes 
less tlun Its giavitj It does not appeal, thciefoie, how the sun, fiom its lo 
tation, can detich in) of its gioss puticles If they be pai tides detached fiom 
the sun, they must be sent ofi by some othci unknown foice , and in that cise 
they might be sent ofi eqiully in all diicctions, winch Avould not agiec with the 
obsei ved hguie The cause is piobably owing to the sun’s lotdion, although 
not immedutcly to the cenliifugil foice aiising thoiefiom 
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ON rill LONGIIUDE Of PLACES UPON TIIL SURIACE OP Till LARllI 

Alt 735 XlIE aituaiion of any place upon the cutVb suifice la dctcimmed 
fiom Its latitude and longitude Ihe hUtude miy be found horn the mciidnn 
altitude of the sun, oi a known fixed atai , liom two altitudes ot the sun, and 
the time between, uidbyavuiety ot othci methods Ihcac opeiationa aie- 
so easy m piacUcc, and oppoitiiniUes aie so contmu-my offciing tlicmselvcs, 
tint the hUtude of a pUcc may geneially be detcimincd, even undei the most 
unfvvouiable ciicuinstinccs, to a dcgico of accuiacy suffiaontfoi all nautical 
piiiposes But the longitude cannot be so icachly found Piiinu III King 
of .Spam, was the fiist peison who oftoied a icwaid foi its distoveiy , and the 
Stitesof HoUind soon aflei followed bis example, they being at that time 
iivils to Spam, os a maiiUme powei Buiing the mmoaty of Lewis XV of 

Fiance, the regent powei piomised a gi eat lewmd to any pei son who should 

discovci the longitude at sea In the time of Chahles II about 1675, 
the Sieui do St PirniiE, a Fienchinan, pioposed a mcdiod of finding the 
longitude by tlie mpon Upon this, a commission was gianted to Loid Vis 
count BeouLu, president of ihe Royal Society, Mi Feaeisiead, and seiei d 
others, to receive his pioposals, and give tlieii opinion lespcctmg it ^i Ilam 
s KAP gave his opinion, that if wo had Tables of the places of the fixed stais, 
Ind of Uie moon s motions, we might find Uie longitude, but notby tbe me 

Sodpioposcdby the Sieui debt PirnnL Upon this. Mi lEAMSiiAPwaAap 

Xcd Astionomei Royal, and an Obsuvatoiy wis bmlt at Gieenwich foi 
him , and the mstiucUons to him vnd Ins succcbsois weie, they s ould 

apply themselves with the utmost coic and dihgcnce to lectofy the 
the motions of the heavens, and Uic places of the fixed stars, m oidei to find 
out the so much desued longitude at sea, foi the peifectmg of the ait of navi 

*^736 In the yeai 1714, the BiiUbh Piiliament offmed a le^d foi the 
discoveiy of the longitude , the sum of £ 10000, if the method determined 
tee bnmtude to 1 degice of a gicit cucle, or 60 geogiaphical miles , of 
£ 15000, if it detcimincd it to 40 mdes, and of ^ 30000, if it ^ 

SO miles, with this proviso, that if my such method extend no fuithei th^ to 
80 miles odjoimng to the coast, the pioposu shall 

rewards* ihc Act also appoints the I'list Lord of the Adimnlty, the Speakei 

* See WiimoN Aorounlof tbe procl.ccbnt', to o)t n tin Act, in thp pi*^ to his 
di*iCovc\cd JupiUi 6 planets 
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of the House of Commons, tlie First Coinmissionei of Ti-ide, the Admiials of 
the Red, White, and Blue Squidions, the Mastei of the fiinity House, the 
Piesident of the Royal Society, the Royil Astronoraci it Gieeiiwich, the two 
Sivilun Piofessois it Oxfoid, and the Lucasian and Plumian Piofes&ois it 
Cambiidge, with scveial othei peisons, as Coinmissionei s foi the Longitude at 
Sei The X owiidiin Piofessoi it Cimhiidge was afteiwaids added Aftei this 
Act o( Pull uncut, seveial othei Acts passed m the leigns of Geoege II and 
III foi the encoui igemcnt of finding the longitude At last, in the yeai 1774, 
an Act passed, lepealing all othei Acts, and offeiing sepaiate lewards to any 
person who shall discover the longitude, either by thelunu method, oi by a 
watch keeping tuie time, within certain limits, oi by any other method Ihe 
Act proposes as i levaid for i tune kcepci, the sum of of 5000, if it dcteiraine 
the longitude to one degree, or 60 geogiaphicil miles, the sum of £ 7500, if 
It detciinine the same to 40 miles , and the sum of i lOOOO, if it determine the 
same to 30 miles, aftei proper tiiils specified in the Act If the method be by 
unproved solar and lunai Tibles, constructed upon Sii I Niwton’s theory of 
gi iMtation, tire aiithoi shall be mtitlcd to £ 5000, if such Tibles shall show the 
distance of the moon fiom the sun and stiis within fifteen seconds of a degree, 
answeimg to about seven minutes of longitude, after making an allowance of 
hilf a degree for the eiiois of observation And for any othei method, the 
same rewards arc offered as those for the trine keeper, provided it gives the Ion 
gitude true within the same limits, and be pricticable it sea Ihe commission 
eis hive also a powci of giving smaller icwaids, is they shill judge proper, to 
any one who shall make any discoveiy foi finding the longitude at sea, though 
not within the above limits Provided howevei, tint if such person or persons 
shill afterwards inike any further discovery as to come within the ibove men 
tioncd limits, such sum or suras as they may have received, shall be considered 
IS part of such greater rewud, and deducted therefrom accordingly 
737 After the decease of Mr Fiamstead, Hi IlAirrv, who w is appointed 
to succeed him, made a senes of observations on the moon s tiansit over the 
meridiin, for a complete revolution of the moon’s apogee, which observations 
being compaied with the places computed from the lables then extant, he was 
enabled to collect the Tibles of the moon’s motion And is Mr IIaully h id 
then invented an instrument by which altitudes could be tiken at sci, and ilso 
the moon’s distance fiom the sun or a fixed star. Hi IIaltey stiongly lecom 
mended the method of finding the longitude from such obscivitions*, h iving 


■** The idea of finding the longitude by the moon was fiiU thougl of by John WnuNca o( Nurtiu 
berp^ m 1514, it was aft(*iwaids recovntnencled byPciLB Aiun in 1521 and by Oiioncl I inl 
and &LMMA i RHius the lattei of which piopohcd to find the place of the moon at my time by ob 
serving its distance from a fixed shi and then to calculate the time when the inoop on lit to be it 
that distance by which you will have the difccnce of the mciuhanb of the phoc ojf obscivalion and 

3 the 
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found flora expeiieucc the irapiacticibihty of ill othei racthodfi, paiUculaily it 
sea 

738 To discovei the longitude of any pheo tom Giccnwich, we mu-Jt be 
able to ascertain the time at tliat place, and compaie it with the time at tlio 
same instant at Giconwich The methods which have been proposed to effect 
{jjiq xie — By the moon’^ distance torn the sun oi i fiKed stai — By the moonS 
transit ovci the meiidian compoicd witli tliat of a fixed stu— By the occulta 
tion of a fixed stai by tlie mooii'— By a soloi eclipse — By a time keepei—And 
by an eclipse of the moon, oi of Tupdei s sitcllitcs 


Bij Ihc Moon*s Distance ftom the Sm oi a Itaed Stat 

789 Di MASKELYNr, oui late worthy Astionomei Royal, in his two voj 
ages, one to St Helena, and the othei to Baibadoes, proved the utility of this 
mctliod of finding the longitude at sea, and which he \ciy fully explained in 
aTieitisc entitled, The British Majtnci s Gvidc But the gieat laboui and 
nicety of the calculations seemed to bo a mitciiol objccUon to it, paiticulaily 
the calculation of the moon’s latitude and longitude, which aie nccessaiy to 
compute its distance from flic sun oi a fixed stai To facilitate this, and many 
othci paits of die computation, Di Maskuynt proposed the publication of 
die Nautical Almanac, m which, amongst a gioat many othci things, the moon’s 
tme distance horn the sun oi piopei fixed star is put down fbi eveiy thiee 
horns , so that its distance at any other time may be fpuud by only one propoi 
tion Anotliii leqmsito was, an casypiacticd rule fox finding thetiuedis 
Unco of the moon horn the sun oi a stoi Rom then appaient distance and alti 
tudes Hi Maskelynj gave a pi actic il method of doing tins, in the above 
mentioned Work, and ofteiwaids he impioved it The first Nautical Almanac 
was published in 1767, m which ue given two othci methods of finding the 
moon’s true distance fiom the sun oi stai fiom dieu observed distance, one by 
Ml Lyons, and tlic other by Mi Dunxuoune In tire Requisite Tables these 
two methods uo impiovcd Anothci method is also given by Mi WiTcnEnr 
m tliat Woik Vaiious otlioi methods have been also given Foi the same 
purpose, a set of Tiblcs weio published by older of the Boaid of Longitude, 
eonlaanmg tlio collections foi lofi action and parallax to every degioo of the 
moon’s distance fiom the sun oi a fixed stai, and for cveiy dcgicc of altitude 
of each, undei the core of Hi Siii inrun, tho late Rumian Profcssoi of Astro 

(lie pi ice foi wlmh ihc rilculation wis imdi KrPLrR alio mcnlioned Hus is in cxcdl^t mtUiod of 
findin the longiludf md incr him I onc omonianub Hut without coiiaot lablcB of tftowoOflfr 
meiiom and piopci inUiumcntB to mciauie its distance fiom i h\cd stai tbu mothod could apt c 
put la piactlcc 
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iioiH) and 1 \pcnmental Philosoplij , at Cimbiidge They weie computed by 
Ml I TONS, Ml PiRKiNsoN, anclMi Willi uis The objection to the diiect 
metliod ot -jolvmg tins pioblcm was, paitly fiom the length of the opciation, 
and paitlyfiom the tediousness of piopoitioning to find the logaiithms to se 
(ondb But since the publication of Mi Iaylor’s Logaiithms, this lattei ob 
jection IS taken iway 

7 40 1 he steps by which we find the longitude by this method, aie these 

Tiom the obseivcd altitudes of the moon and the sun oi a fixed stai, and 
then obsened distance, compute the moon’s tiue distance fiom the sun oi 
stai 

Prom the Nauiical Almanac find the tune at Gieenwich when the moon 
■was at th vt distance 

From the altitude of the sun oi stai, find the time at the pi ice of obseivation 

The chffeience of the times thus found, gives the difiPeicnce of the longi 
tudes 


741 To find the tiuc distance of the moon fiom the sun or stai by obseiva 
tion, let ^be the zenith, S the apparent place of the sun oi a stai, s the tuie 
place, M the apparent pi ice of the moon, m its tiiie place , then in the tiiangle 
ZHM, we know SM the appaient distance, SZ, AM the complements of the 
appaicnt altitudes, to find the angle Z md tlien in tlie tiiangle sZm, we know 
the angle Z, and sZ, mZ the complements of the tine altitudes, to find sm the 
tine distmcc But the pioblcm may be othciwise solved thus 


742 By sphciical Tiigonometry, vci sin / ZS — ZJI/’—cos SJI/ 

sin Zb X sin ZM 


X 


cos Zs — Zm ~ cos sm 
sin Zsx sin Zm 


, but if }SM+i Zb 


ZM~A, \bM 


Z'i — ZM—B, then by plane Tiigonomctiy, cos 

2 sm A X sm B . — — 

, hence, cos s;?i = cos /i~Zm — 


Zb - ZM - cos 
2 sin X sm B 

y 


SM= 
sin Zm 
sm ZM 


y Now the mnih of the Requisite Tables gives the aiithinetic com 

plcment of the difftience between the logaiithinic sines of ZM and Zm, in 
Cl eased by 120, foi at all vltitudes ibove 25, this numbci is unifoiinly the 
diffciencc between the logaiithraic sines of Zs and Zb foi all celesti il objects 
not afiected by paiallax At altitudes less than 25° this unifoimity ceases, and 
the diflfcience between the sines is less than 120 by the numbeis in Table XI 
foi a stai But foi the sUn, which is sensibly affected by piiallax, the diflPei 
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51’ 


once betvcccn tbc smcs is loss than 120 by the niimbcis in Table X In those 
coses tbeiefoic the loguitlim in Table IX must be diniixiished by the numbeis 
contained in Tables X, oi XI Hence we luve the following Rule 

To log 2 idd the log sines of A and B, also the log fiom the nmth of the 
Requisite Tables, collected if necessaiy by Tables X, oi XI and icject 20 from 
the index, vndfind the n Uuial numb ci cone ponding, the diffeiencc between 
which and the natui il cosine of the diffucnce of the tiue /cnith distances, gives 
the nituial cosine of the tiue distance lequucd 

Tx Suppose, on Tune 29, 179.^, the sun’s appaicnt zcnitli distance ZS-wat 
obscived to be 70 56 24 , die moon’s ipp uent zenith distance ZM to he 48“ 

53 58 , then vppuent distance S If to be 103 29 27 , and the moon's hoii 

zontol puallaxto be 58 35 , to find then tiuc distance m 

By Reqmsite Tiblo VIII the collection >lfm for the moon s poiallax and re 
fi action IS 43 3 , ind by Table I and III the collection Ss foi the sun’s pa 
1 vlUx and icfiacUon IS 2 36 , hence, Zw = 48 10 55 ,mdZ« = 70 59 0 


ZA--ZM = 22 ° 2 26 




}(ZS-Z/lf) =11 1 13 




j SJIJ =51 44 43 





Log 2 

0,301080 


A =62 45 56 

Log sin 

9,948971 


B =40 43 30 

Log sin 

9,914533 


Log hom Req T ih DC, X 

9,995307 




10,059841 

Nat Num 1147741 

Zi-^/in r:22 48 5 

Nit cos 


921854 

Sm =103 3 18 

Nil cos 


225887 


The 1 uhus to the Table of natui ol sines and cosines to six figmes is lOOOOOO, 
and die index to the log foi the ndius in die 'i'lbles of log sines, cosines, 
&-C IS 10, in this case dieicfoie, an index 10 points out 7 places of whole 
nuinbois, ind consequently an index. 9 points out 6 places, &c Wficn the 
natm vl cosme of is less than the natui al number standing above it, the 

diffoicncegncs the uitiual cosine of an iic above 90 , as in this cose , othci 
wise die aic is below 90° In tbis method theie is no distinction of cases, and 
it only icquiies direclogaiitbms and one natui al cosme to be token coiiespond 
mg to a given angle, one natiual numbei coiicsponding to alogaiithm, and an 
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die coiiesponding to a nitmal cosme, Mi Duntiiorne’s method was by 
natiual cosines, andieqmred only the same numbei of quantities to be taken, 
but Di Masked YNE'^ has deduced fiom it the Mowing method of computing 
by loguithms only 

743 By the last Ai tide, cos ms~cos Zs~Zm- cos ZS - ZM ~ cos SM 

sin Zm sm Zs ^ sin 7™ 

^ sm ZM^ sm ZS’ H — Z^ ~ Zm, h = ZS-ZM, Q== 

Bin Z'i ^ 5 

Azzcoi, A -cos bM X Q, then cos ms = cos II — A Now 

cos ms’' - cos msr::. ^ + J cos 11 ~ ^ A , let be the squaxe of the sme 
of 111 xm -i sin i B cos h - cos SAI x Q = sm 

X sm h X Q, hence, the aic JS is known But J- cos B=.\—sm -^B 

” ^ i ^ ^ hence, coi~X^ = ] cos B + ^ cos H = cos ^B-v-^ Hx 
cos ^ B- \ H Hence we hive the following Hide 

Add togethci, log sme of j^dbFlhst dlft oj gpp dt log sme of 
i obs dist - i dift of app alt and arith comp of Q taken from Requisite Ta 
bles IX and X 01 XI as the case may requiie, and subtiact lOfiom the index, 
divide the sum by 2, and you have the sme of | JS 

Add log cos ^ R + J did of tiue dt to log cos "^iS-ydifl of tiue ill 
take half this sum, and you get the log cosine of half the tiue distmce 

To apply this to the 1 ist Example, we have, 

* The last method given by Di MvsKriYNEfoi ckanng the moon s distance ft om the siin 01 j, 
fixed slai is m the Supplement to the Requisite Tables where the reader will find some consideiatle 
improvements m the solution of this problem 
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J^ Obs dist 51“ 44 43' I 
hZS-ZM 11 1 13 


Sum 

62 45 56 i 

log 

sine 9,9489713 

Diff 

40 43 SO 

log 

I og fiom Tab ix 

sine 9,8145846 
&X 9,9953070 

2)19,7588129 

^ Zs- 

49“ 14 52 ^ 

7m 1 1 24 2 ^ 

log 

Sin 9,8794061 

Sum 

60 38 55 

m 

cos 9,6903418 

Dilluence 37 50 50 

m 

COS 9, 8974341) 

2)19,5877762 

\ ms: 

51 31 39 


COS 9,7938881 


Hence, the Uuc distance is 103“ 3 18 


As wo have now logaiithmic Tables to oveiy Second of the quadiant, tins is a 
considei ible improvement upon Mi Duntuoiine’s lule Theie is also no dis 
tmeUon ol cases in tins, which tlieic is in Mi Dunhioiine’s mctliod As we 
deduce, by thu> lulc, hall the true distance, it is manifest, that any erroi in the 
seconds will be doubled in the true distance , upon tliat account we weie 
obliccd to take ui the hilf seconds, loi if we had not, the half distance would 
have come out 51“ 31 38 , and consequently the true distance would have 
been found 103“ 3' 16 This is i circumstance veiy necessaiy to be attended 

to in all the lules th It first give half the tiue distance 

Ihis list Kule may be applied without the Reqmaile Tables, by consideimg, 
that the logoiithmstalccn horn Tables IX, X, oi XI m that Woik, give the 


Sin 


Bin 




Sin 


sm 


whicli quantity maj be taken fiom Uio 


ajithm complem of 

logwibmic Tables, by to Uie log ,inea or^tb A tbe mtb comp of 

tbc log smos of ZJl/ond TS, and subtiactmg XO Horn tlio index If we apply 
this to die lost Example, we have, 
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Z7n =48° 10 55 


ZM=4.8 


58 


/S =70 59 0 

=70 56 24 


SIB 9,8723113 

0,1228839 auth comp of sine 
sin 9 9756265 

0,0244868 aiith Comp of sine 
9,9953085 


11ns diffcis a htllc fiom the numbci taken from the Requisite 1 ibles, which 
gives only six %ui cs It would indeed lengthen the woik a little to t dee this 
quantity fiom the lopiithmic lablcs, but it would add to the accuiacy Di 
Masicelynb, in his licface to the Tables of I ogaiithras by Mi Tayloe Ins 
given a ludc in which those Tibles only a.c loqui ite , and^t is ceitunly best 
0 use as few auvliaiy Tibles as possible, is, by that means, you subject the 
opei ition to fcwGi piobable eiiois 

744 Di Maskelyne’s Rule foi dealing the moon’s appaient distance fiom 

a stai 01 the sun hom the elFcct ofpaiallax uid lefi action 

I To the log sine of the moon’s hoiizontil paiallax add the log cosine ol 
the moon s appaient altitude, using five decimal places of the logaiithms , the 
sum, ibatmg 10 fiom the index, is the log sine of the moon s puallax m alti 
tude, fiom which SLibti let the moon’s icfiiction tden with the moons an 
puent dtitude out of Table I (Requisite lablcs) and jou will hive the coi 
icction of the moon’s iltitudc Add this to the moon s ippaient iltitude, and 
vou vvi h ive the moon’s tiuc altitude Also, with the stai s app iicnt altitude 
tike the stai s icfi action out of Table I which subti ictfiom the stiTs appaient 
altitude, and you will have the staTs ti ue altitude But if the moon’s distance 
was obsmved fiom the sun, with the sun’s appuent altitude take the lefiaction 
out of Table L and its paiallax out ol iable III and take the diffeicnec, and 
ubtiact It fiom the sun’s apparent altitude, and you will have the sun s tine 
iltitude Tal e the difFcience of the tiuo altitudes of the moon and stai oi 
moon and sun, and the diffeience of their appaient altitudes 

II 1 ike half the sum and half the diffciencc of the appaient distance and 
difteicnce of the appaient iltitudes 

III To the log incs of the above half sum and hilf diffeience add the loff 
cosines of the tiue altitudes, and the aiithmctical complements of the Ion co 
sines of the apparent altitudes , and take half the sum 

i/7i the diffeience of the tiue 

altitudes, and look for the lemaindci among the tangents, and take out 

the coiresponding log cosine, without taking out the aie, which is unneces 
sary 


MLmODS 01 IINDINO Tlir liONfllUDE 


517 


V Subtract the sudlog cosine fioin the log sme of Inlf the difFucnce of 
the tuic 'Utitudeb incicistd by 10 m the index , the lemundei ■will be the log 
Bine of h vlf the tiue distance 


DEMONbTRmoN Put ZS—ZM^-X, Zs— Zm^t, D:=SMt d—m, now 
by Alt 742 sin ZiSxsin ZM wn Zsxmn Zm cos X— cos D cos t — 
cos £?, or vci sin d—vei sin a, but by plane Tugonornetiy, cos X— cos 

_ 7? + -X -D “ X " t 7» 

D = 2x&in — xsin — - — , •vnd vei sin d— yei sin r=i2 sm — 


_ _ _ TiA-X Ti—X 

Y%* f hence, sin ZS x siu ZM sm Zs x sin Zm sin ■ T . - x sin 


2 


2 


sm ^ d -sin f r , consequently 
sin J 


sin Zs X sin Zmx sm ^4^ x sin — 


sm 


sm ZaS X sm ZM x sm ] v* 
— 1, which put =. ton a , hence, tan 0 = 


^sm Zs X sin Zm x sm x sm P. — P 

2 2 

, but 

^ Bin Zi> X Bin ZM x un 3- ® 


sm W*=sin xl+tan a*=:sin 3-«^xsec fl*, consequently sm i 


flin 


1 


iTxsec a 


SXD ^ V 
COB a 


110 

180 


I 
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EXAMPLE 

Let the apparent altitude of jt’s center be 5° 17, that of o 84° 7, and then 
apparent distance 21 l^^and » s horizontal parallax 61 48 , requiyedtlu 
h ue distance of o and » 


D ’s hoiizontal paiallax 

1° 

1 

48 

I og sine 

8,25469 

D b apparent altitude 

5 

17 

0 

Log cosine 

9,99815 

> ’s paiallax in altitude 

1 

1 

32 

Log SlllL 

8,25284 

D ’t. lefi action fiom Tab I 

__ 

9 

28 



Collect of 5 *s altitude 

+ 

52 

4 



5 ’s- appaient altitude '• 

5 

17 

0 



3 ) ’& tiue altitude 

6 

9 

4 



O’s ippaient altitude 

84 

7 

0 



Dili of lefi iction and parallax 

— 

0 

5 



o’s tiiic altitude 

84 

6 

55 



3 ) ’& tiue altitude 

6 

9 

4 



DifF of tiue alt* ol o md d 

77 

57 

51 



O’s apparent altitude 

84 

7 

0 



D ’s appaient altitude 

B 

17 

0 



Diff of app alt* of o and » 

78 

50 

0 



Appaient distance 

90 

21 

13 



iSuin 

169 

11 

13 



Dillcicncc 

11 

31 

13 



Half sum 

84 

35 

36 

Log sine 

9,9980635 

Half difieience 

B 

45 

36 

I og sine 

9,0015681 

3 ) ’s appaient altitude 

B 

17 

0 

Co ai log cosine 

0,0018490 

3 ) ’s tiuc altitude 

6 

9 

4 

log cosine 

9 9971924 

O’s appaient altitude 

84 

7 

0 

Co u log cosine 

0,9892626 

o’s tiue altitude 

84 

6 

55 

Log cosine 

9,0108395 






2)38,9990751 






19,1995375 

Diff of tiue alt of d and o 

38 

58 

55 

Log sme 

9,7987027 





Log tang of aic 

9,7008348 





Coiiesp log cosine 

9,9511707 

Half tiue distance 

44 

44 

36i 

Log sme 

9,8475320 


2 


89 29 13 


Tiue distance 
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74.5 Tlie tauo distance of the moon flom the sun or stoi being thus found, 
we are next to find tlie time at Greenwich IFor this purpose, the sun 01 such 
fixed stu aie chosen, ns lie in 01 veiy neai the moon*s way, so that looking 
upon the moon s motion to ho unilbim for a small time, tlic moon may be con 
sideied as appioiclung to, oi receding fiom the sun 01 stai uniformly To de 
teimme theiefoie the time at Giccnwich couesponding to any given tiue dis 
tonce of the moon from the sun 01 stoi, the tiue distance is computed in the 
Nautical Almanac foi eveiy thiee horns foi the mendi in of Gieenwich Hence, 
considciing that distance is vaiying unifoimly, tlic time coiresponding to any 
othci distance miybc thus computed Look mio Ncmtical Almanac 
tike out two dist'incca, one next gi eater and the othei next lessahan the tine 
distance deduced liom ohsuvaUon, and the difiLience D oi these distances 
gives the access of the moon to, 01 iccess jfi'om the sun 01 stai in thiee houis , 
Uien take Uic dififeience d between the moon’s distance at thebegmmng of that 
inteival md tlie tiue distance deduced fiom obseivation , md then say, D d 

3 houis the tunc tlie moon is acceding to, 01 iccoding horn the sun 01 stai 
by the quintity d, which iddcd to the time at the beginnmg of the mteival, 
gives the vppaicut tune at Giccnwich, couesponding to the given tiue distance 
of the moon horn the sun 01 star To find the fouith term in the above pro 
poitiou, thoie IB, in die Reqmsitc Tibles, i 1 able of piopoitiondlogaiithms, 
wheio the log of 3 hours is mado=0, and theiefoie the log of tlic fouith term 
is found by subtraction only The same Table will seive, if one of the teims 
be thiee dcgiecs instead of three hours 

1 X On Jime 29, 1793, in latitude 52'’ 12 35' the sun’s altitude in the 

moiniiig wis by obscivalion 19° 3 36 , the moon s altitude was obseivcd to 
be 41 6 2 , the sun’s dechnation at that time was 23'’ 14 4 , and the moon’s 
hoii/ontil puallax 58° 35 , to find the apparent time at Greenwich 


Iiue dist ofd homo by Alt 742 

103'’ 

3 

18" 




by Naut A^ on June 29, at S/i 

103 

4 

58 




— 6/1 

101 

26 

42 





0 

1 

40 

pi 

log 

2,0334 


1 

38 

16 

pi 

log 

0,2629 

Time of approaching 0° 1 40 

0 

3 

3 

pi 

log 

1,7705 

Beginnmg of the interval 

3" 

0 

0 




Apparent time at Gieenwich, June 29, - 

3 

3 

3 
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Y46 Now to find the ippaient time at the place of obseivation, we hive 
the sun s clechnation 23 14 4 , its altitude 19 5 36 , its lefuction 2 44 
and pai dhx 8 , hence its tiue iltitudc ’w is 19° 1 , and theictoic i(s tine zenith 
distance wis 70 59 ^ also, the complement of declination was 66° 45 56 
hence, by Ait 92 ’ 


66° 

45 

56 


aiith comp 

sin 0,0367325 

37 

47 

25 


aiith comp 

sin 0,2127004 

70 

56 

24 




lf5 

29 

45 




87 

44 

52 



sin 9,9996644 

70 

56 

24 




16 

48 

28 



sin 9,4601408 






2)19,7092381 


, 0 9,8546190 the cosine 

ol 44 18 52 , which doubled gives 88 37 44 the horn angle fiom appaicnt 
noon, which in time gives 7/i 54 31 the tune befoie ippuentnoon, oi 18/i 
5 29 on June 28 Ilincc, 

Appuent tunc itphccol obsciv June 28 , is/i 5 29 

it Giecnwieh June 29, 2 s 3 


UifFciencc of meiiduns in time 8 57 34 


Which conveited into degiees gives 134 23 30 the longitude of the id lee 
of obseivation west of Gieenwich 

Ifa stai be obscived, find the time by Ait 106 The sun’s decimation is 
hist taken fiom the Nautical Almanac, and then collected by Biq Tab VI 
If a stai be obseived;> take its declination fiom Requisite Table VII The Ion 

gitude being neaily known by account, will be sufficiently exact to entci iable 
V 1 with 

717 In oidoi to apply this method of finding the longitude, thiee observeis 
aie convenient, two to take the altitudes of the inpon and sun oi a stai, and one 
to take then distance, the lattei must be taken with gicat caie, as the detei 
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mination of the tiue distance depends piincipilly upon that, a sinall ciioi in 
the illitiidcs not senbijbly \fiecbng it If a single obseivci should want to xp 
ply this method, he may do it with a veiy conbixloiable degicc ot iccmacy m 
Hie following mmnei I et him fust tvl e the alUludc of ihc moon and then 
ot the sun oi stoi, his assistant noting the timcb , then let him t d o scsenl di 
tances of the moon fiom the sun oi stii at one oi two minutes di tance of time 
fiom e loh othei, and note the timos , vnd 1 istlv, let him again take the altitude 
of the moon and then of the sun oi tu, noting the times Then taking the 
mean of all the distances, vnd the mean of the times when tliey wcic tal en, he 
will h we the moon’s distance horn tlie snn oi stai at tbit mean time Tal o the 
dilleiencc of the moon’s altitudes at the two obscivations, and the diflcienee 
of Uxe times, vnd then say, as that difleience of times, is to the diffeienco be 
tween the time of the fust obscivation oi its altitude and the mean of the 
times at which tlic distances wcio taken, so is the vaiiation of the moon’s alli 
tilde between the fiist and second obscivations, to the vuiation of its altitude 
fiom the lime of the fust obseivation to the above mean time, which added to 
01 subli acted fiom its fiibt ohseiVed altitude , vecoidiug as the moon ascends oi 
descends, gives its altitude at that mean tune In the same mannoi he may 
get the sun’s oi sin’s altitude at the same time Thus he may get tho tw^o * 
alULudes and the couespouduig distance 
748 In gcneial, the ilutudcs of the tais at sea uc too unccituufoi finding 
Uie time, they may do in a fine sutBrtiei s night, oi in twolight, and if the sun 
be used, it may bo so neai the meiidian, oi tlie hoiizon may be so lia/y and ill 
defined, tint the altitude cannot be detei mined wutli sufficient accuiaoy to de 
ducc the tiiuc fiom it, altbough it may be sufficiently exact to calculate tlicu 
line distance In tins cisc, the obicivei must be c ueful to find the euoi of his 
watch by some altitude taken iieai to the lane of obseia ation, by winch ho may 
collect the time shown by the watcli at tlie time of obseivition But as, in 
this case, tho watch shows the tune at the meiidian undci which the altitude of 
the sun or stai was taken iii oidei to coiicct it, the longitude thus found is that 
undci which the witch was icguhted, and not th vt wheie the distance of the 
moon fiom tho sun oi stu was obseivcd If the watch cannot be depended 
keep timo toleiably well fbi a small mteivol, tlic eiioi of the watch 
must be loitnd at two obscu itions, from which you get its late of going , by 
tins means }0ia may dcteimme the time veiy accurately If this be done at 
sea, the altitude at the second obseivaiaon must be leduccd to the altitude at 
that time at the place of the fiist obseivation , the method of doing which is as 
follows Let J bo the place on ihc coith to which tlm sun was vcitmal at the 
fiist obseiviUon, the place of a spcctatoi at the fiist oboeivation, l^V oi ZV ’ 
live distance luo between tlie obsci a aliens, then iV o\ 11 would have been 
the zenith distance it ihc fust obseivation, if it had been mtdc at tl e place 
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wlieie tlie specLitoi wts -when he made the second obseivation , diaw P TP^, 
V W pcipcndiculai to ZI ind then, as the angle T is small, JV \h veiy 
neaily equal to I TV, and TV io IW , and theitfoie they may be considcicd 
\s lespectively equal , hence ZJV, ZW may be consideied as the difFucnce oi 
1 he zenith distances, tna easing the distance m the loiraei case, ind decreasing 
it in the lattci To find which, obseivc the angle VZT oi V Zl between the 
ship’s couise and the sun’s beaung, and then m the light angled plane* tii 
angles VZW, V ZW , we know all the angles, and the ide ZV oi ZV, the 
obseivcd distance tun by the ship, tofind^r^F oi ZPV , which must be i educed 
into degiees at the late of 69 miles foi a degiee Oi the same thing may be 
done by the hamise lable, which is a Table ready calculated to take out these 
quantities at once 

749 The obscivei should be fuinishcd ivith a good Hadley’s Quadrant to 
observe the altitudes and distance Gieitcuc must be taken to examine the 
eiioi of adjustment as iicai to the time of obseivvtion is possible, as it is veiy 
liable to altci Altitudes should not be tikcn neaiei the hoiizon than 5° oi 6®, 
on account of the unccitainty of icfi action at lower altitudes Ihc piincipil 
obseivei is he who takes the distance, and as soon as he Ins completed his 

• obseivation he must give notice to the othei two obseiveis, who ought to com- 
plete then observations as soon as possible, at least within a minute Note 
the time also by the watch when the sun s or star’s altitudes weic taken, h) 
which, and the estimated longitude at the pi ice of obscii ition, you will have 
nculy the tune at Gieenwich, which is neccssuy in oidei to got the sun’s dc 
clination at the time of obseivition, in oidei to compute the time A full ac- 
count of the adjustments and uses of Hadley’s Quadrant, may be seen m my 
Pi acttcal Asti onomy 

750 The accuiacy of this method of finding the longitude was cstibhshcd 
by Di Maskelyne fiom his own expeiiencc m two voj iges, one to St Helen i, 
and the other to Barbadoes, by the following iiiefi igable proofs 1 On the 
near agieement of the longitude infciicdbyhis obsciiations, made within a few 
days or houis of making land, with the known longitude of such land 2; 
Iiom the neai agieement of the longitude of the ship fiom obseivations inado 
on a great many different days near to one another, when connected togethei by 
the help of the common reckoning 3 Fiom the near agieement of the longi 
tude of the ship, deduced from observations of stars on different sides of the 
moon, taken on the same night Foi her e, all the most pi obable kinds of eiror, 
whethei arising from a faulty division of the limb of the instrument, a lefi ac- 
tion of the speculums oi dark glasses, a wrong allowance for the ertor of ad- 


* The tmnglegmay be consfdeied as plane, on account of the small distance lun by the ship 
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iiBtmenl, oi fiora t bad habit of estimating llie contact of the stai with the 
moon’s hmb, operating diffeient ways, then effect, il any, must be sensible lu 
the lesult But in all the double longitudes thus detei mined, the diffcience 
w IS so small as to wall ant him to say, that by good lustiumcnts and caiclul 
obseivcrs, these eiiois raaj be so fai leduced as to be of veiy little con- 
sequence , and ill the obseivitions which hive been made since, igree m 
confiiming it , and show tint the longitude thus deduced may bo detcimined 
to a veiygieit degice of accuricy, and fully sufficient foi all nautical pui 
poses 

751 At sea, the moon and sun oi sloi’s altitude must be collected foi the 
dip of the hoii/on, by subti acting the dip, foi the obseivoi being on the deck 
of the ship must see below his own hoiizon, and the altitudes aie taken above 
his visible hoii/ou The following Table gives the ibp couesponding to the 
obseivci’s height 


Height 

Dip 

Height 

Dip 

Height 

Dip 

1 

0 

57 

13 

s' 

26 

26 

4 

52 

2 

1 

21 

14 

3 

34 

28 

5 

3 

3 

1 

39 

15 


42 

1 30 

5 

14 

4 

1 

55 

16 ' 

3 

49 

35 

5 

39 

5 

2 

8 

11 

3 

^6 

40 

6 

2 

6 

2 

20 

18 

i 

$ 

45 

6 

24 

7 

2 

31 

19 

4 

10 

50 

6 

44 

8 

2 

42 

20 

4 

16 

60 

1 

23 

9 

2 

52 

21 

4 

22 

10 

1 

59 

10 

S 

1 

22 

4 

28 

80 

8 

32 

11 

3 

10 

23 

4 

34 

DO 

9 

3 

12 

i 

18 

24 

4 

40 

100 

9 

83 


752 The moon’s tiuc distance fiom the sun oi a fixed star as put down in 
the Nauheal Aknanact is thus calculated Let Z be the polo of the cchpbc, s 
the tiue place of the m the tiue place of the moon , then Zs^ aie the 
complements of latitudes, and the angle Z the difffeience of theu longitudes , 
di aw 5 ^ pel pendiculoi to Bwi , mdbyapher Tug log tan 2^/=log cos ^ + log 
tan Zs — 10, and log cos A 7 ?t=log cos Zs+log cos /wt + aiith comp log cos 
7^—10 If s be the 5^Mn, Z«=90'’, hence, i ad x cos aw=cos Zxsm Zm, 
or log cos 7+ log sin 7 m - 10, = log cos m IfZbe the poleof the eguatpr, 
then Zi, Zm will be the complements of dechnation, and the angle Z the dif 
ference of light ascensions 
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lx I lofincl the moon’s clistaiice li om the sun, on August 24, 1796, nt 
appaicnt noon it Gieemviclj 

The sun longitude it the gi\ cn tunc is 5 1° 45 58 , the moon’s longitude 
IS 1 IS 50 S3 the ditrcieuce of \\ Inch is 108 5 5 the -ingle fiZm , also, 

the moon s lilitudeis4 13 5i , hence, i7w?=; 85° 46 9 


I og 

COb 

11 

o 

00 

o 

5 

5 

9,4919538 

Log 

sin 

Zm = 85 

46 

9 

9,9988149 

Log 

cos 

SOT = 106 

2 

1 

9,4907687 


Ex II Let the light i ccnsion of a st-ii be 2’ 7° 2 25 , -ind noith decli 
nation 5 28 40, also the light ascension of the moon 0 ii° 54 4 , and 
south declination 3° 22 32' , to lincl the moon’s distance fiom the stai 


In this case, ^ lepiesents the pole of the equatoi, and the diffeience of light 
ascensions is 55° 8 2t'=thc angle 2, a,hoZs=84 31 20, and Zm =z9S° 
22 32 , hence, 


Log cos 

55° 

Log tan 

84 

T'Og tan Zt - 

= 80 

Zm 

= 93 

Log cos tm 

= 12 

Log cos Zs 

= 84 

Aiith comp log cos Zf 

= 80 

Log COS m « 

= 55 


8 

21 

9,7570809 

31 

20 

- 11,0181922 

28 

33 

10,7752731 

22 

32 



53 

59 

« 9,9888987 

31 

20 

8,9798200 

28 

33 

0,7812975 

46 

50 

- 9,750016a 


Thus the moon's true distance from the sun or a fixed stai may calculated 
for every three hours, as given in the Nautml Alftianac 

-t 
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To find the Dij^erence qf the Longitudes of two PlaceSy hy the oherved Transits 
qf ihe Moon and a fixed Star ouer the Mendian at each Place 

•7 S3 Xliib method of finding tlie longitude was proposed hy Di MASkiLYKr 
m the Nautical Ahnanac loi 1769 It is extiemely eisy in piactice, ind ci 
pablc of gieit iccuiacy The Rule is thus invcstigTitcd Let P be the pole no 
of the cuth RQ, PCx «i mciidiin of Gieenwich passing thiough the moon at M, 182 
PD tlie raeiidian of any othei place, and when it comes into the situ'ition Pd 
let it piss thiough the moon at in At each ti ansi t, obscive the difieiences 
MPS, mPS, between the light vsccnsions ol the moon and a fixed stai S, the 
diffeicnce ol which is the angle MPm, oi‘ the luciease of the moorfs light as 
cension in tlie inteivol of the tiansits Fiom the Nautical Almanac, find the 
maqase ( ^) of the moon’s light ascension in 13 hours appoient time, and le 
duce it into mean time thus, let a = the vaintiou of the equation of time in 12 
houis, tlicn 12 horns appaient time is 12/t ±a of mean time, wheie the sign h 
13 used if the equation be increasing and additive, 01 dem easing and subliacteoe, 
and the sign — , when met easing and suhtrachve, 01 deci easing and additive 
Now A Mpm \1h±a a Uio angle (expicsscd in mean time) dcsciibed by 
i moiidian of the caitli in the time the ^oon dcsciibes Mpm hence, a x IS 5 = 
the angle DPm of longitude desciibcd by a meiidi vn m that time, because in 
12 houis mean lime the oaith icvolves throUjA ISO® x of longitude, vciy 
neaily Consequently the diflEcicnce DP0 St jbeineKitditains )«:« x l^ai — Mpm 

If the places do not diffei much in longitude, r x ^ sufllciently 

near , in this case also, the apparent may be used for the mean time 

Ex On Juno 18, 1791, the following observations of the passage of the moon 
and A Serpentis were made at Gieenwich and Dubhn Obseiv rtoiies 


AT DUBLIN 

Right ascension of j) *s fiist limb 
— . . « Seipentw v 


Daily rate of clock, -16 *88 * - ^ 


15 ' 6 ' 19' ,49 

15 88 86,91 


5J7 SJ4, 42 


27* 24^74 




I 


4 


/ 


Si26 
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Ar GErCNWICII 

y/ R i> \ fiist limb 15 5 3 ,52 at 9” S6 Eppaient tune 

y? ZJ of «Seipentib 15 33 34, 70 




28 

31, 18 



27 

24, 74 

Difference 


1 

6, 44 = 16 36", 6 in space 


As the places do not diffbi much in longitude, it is utinecessaiy to reduce 
appaient to mean time 

This diffcience 16 36 ,6 is the increase of the moon’s right ascension in the 
inteival of its passages ovei the meudians at Gieenwich and Dublin Obseivato 
lies By the Nautical Almanac, we find the following differences of the light 
ascensions of the same limb of the moon, and the stai, about the same time , 


June 12, midnight 
13, noon 

13, midnight 

14, noon 

14, midnight 


213° I5 
220 38 
228 11 
235 53 
243 43 


Difference 

1° 23 
7 33 
7 42 
7 50 


If the places diffei much in longitude, the motion in light ascension should 
be calculated to seconds 

The second diffeiences aie always sufficiently unifoim, that we may take 7® 
37,5, the middle of the first diffeicnccs, foi the late of increase foi 12 hours 
at the middle tunc Hence, 7° 37,5 16 36 ,6 12h a? = 1568 ,418, and 

a + — £ — =26 12 ,77, consequently the difference of the longitudes is 26 

6 X 60 

12 ,77 — 1 6' ,44 = 25 6 ,33 Di Beinkley was so good as to favour me with 
this, and he further obseives, that when the two places differ much in longi 
tude, an allowance ought to be made foi the change of the moon’s semidiaine 
ter in the interval of the passages aiising fiom its change of distance, and also 
toi the change of semidiameter in light ascension fiom its change of dechna 
ion He very stiongly recommends this method, as being extrenlely easy in 
practice, and Capable of great acciuacy, fai beyond that fiom the eclipses of 
Jupiter's satellites 
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To find the D^emre (fiihe Longitudes of two Places, from the OcculfaHon qf a 

fixed Star hy the Moon 

754 Tlie puncipal pait of the cilcuhtion is made by thefollowng Rule, 
given by Di Maskeltne, foi finding the Uue longitude a-nd latitude of the 
point of occultation in tlic moon’s hmb 

I Find the angle between the paiallds to the echpUc and equator passing 
Ihiough the stai, hy saying, cos sUi’s latitude cos of its light ascension 
sine of the obhqmty of the ecliptic sine of the angle between tlie paiallels 
This may also be found by Table XXVII and XXVIll at the end of Volume 

the second „ , . i p 

II Fiom 9 signs to S signs of the light ascension of tlie stoi, in a place of 

north latitude, the panllel to the ecliptic ascends above the paiahel to tlie 
cquatoi , but horn 3 signs to 9 signs, it descends below the same The contraiy 
foi a place of south latitude 

III If the pai'Jlel to the echptic ascend ahow the paiallel to the equatoi^ 
subtiact the angle just found from 90° , but if it descend below, add it to 90% 
-vud you will have the angle between Hie meiidian passing thiough Uie stai uid 
the paiallel to the echptic 

IV Subtiact the light ascension of the stoi from that of the meiidian of the 
plate 01 the light ascension of ilie mendim from that of the stoi, boiiowing 
360° if neccssaiy, so that the icmoiiidei may be undti 180 , and you will have 
the horny angle of the stai, which will bo cist oi west, accoiding is the light 

, ascension of the meiidian was subti icLed from tint of the stai, oi tlie light as 

tension of the stai subti acted from that of the meiidian 

V With this angle, and the stai s dctUnation and latitude of tho place (coi 
loctedfoi the spheioidital figuie of the cuth,) compute the stoi’s altitude, and 
the inglo of position at the stai 

VI If the stai be east of the mendian, add the angle of position to the angle 
between the meiidian and paiallel to tlie ecliptic, but if the stoi be to toe west 
of toe mciidion, subtract toe foimer from the lattei, bouowing 360 if neces 
eaiy, and you have toe angle betweenrthe veiUcal ciicle and toe paraUel to too 

VII To the sine of the moon’s equatoiial parallax (coirccted for toe sphe 
loidical figure of tlie caith) add toe cosine of toe stal’d altitude and the sine 
of toe angle between the veitical ciicle and the paiallel to toe echptic, and 
the sum rejecting 20 from toe index, is the sine of the principal pait of toe 
parallax in latitude Ihis must be added to too stai s latitude, if of toe sarna^ 


I 
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dcnoinuntion with the 1 ititude of the phce, but suhh acted, if of a cow* a? 
dcnominition, unless the in^lc bofwecn the \eiticil ciicle and the pai diet to 
the ecliptic is gicitei thin 180°, when it must be applied in a contiaiy in uinei, 
to obtiin the tine htitudc neaily of the point of the moon s limb at whieh the 
occult ition hippens This is to be collected by a small quintity found 
heieaftei 

VITI To the sine of the moon’s equatotial pualU^ (collected as bcfoie) 
add the cosine of tlie stii’^ altitude, the cosine of the in de between the mi 
tical ciiclc and the paiallel to the eehptic ind the aiithnicticil coinplemtnl of 
the cosine ol the latitude of the tiuc point of occultation, found neaily in the 
last Ai Liclcj and the sum, itjecting 20 fiom the index, is the sine of the piial 
lax in longitude 

IX To the const int logaiithm d YU4 add twice the sine ol the pai illax in 
longitude and the sine of twice the tiue htitude ol the point of occultation 
found nciil), and the sum, icjecling 30 horn the index, is tlie log luthm ol i 
numbei of seconds, which subti acted lioin the tiue latitude ol the point of 
occultation of the moon s limb found neiily by Ait VII gives the tiue 
latitude ol th it point coiiecll) 

X If the angle between the vei tical ciiclc and the parallel to the ecliptic be 
more than 270 oi less than 90 , add the paiallax of longitude to the longitude 
of the stai , but if that angle be mo7e than 90° and less than 270 , siihiracl the 
paiallax in longitude fiom the longitude oi the stii, ind you will hive the 
true longitude oi the point of the moon s limb wheie thestu immeiges or 
eineigcb 

no DrMoNSTiiATiox Let y 6 be the ecliptic, sp A" the cquatoi, S the stai, A 
183 the zenith, P the pole of the equatoi,jp the pole of the ecliptic, ind di iw the 
gicat ciicles P6J, PZB,p^v, ZSII, and Sm, Sn peipcndicuhi to pS ind PS 
icspectivcly Then by Tug Ait 212 

■Cos sin oc cos <vA lacl 

Cos <vS 1 id cos sr zA sm zSv 

Cob vS sin sp cos T ^ sin zSv, oi nSin, 

winch proves the hist propoition of the Rule, and by taking tlie star in all pos- 
sible situations, the second and thud u tides aie found to be tiue 

As PSn.=:QO°^ 9®° i^mSn = PSm, according to the cases in the Rule 

Also (yiRw <y'A = JJ3 tlie ineasaire of the 'ingle. ZFS 

on, 
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WilhZPS PS-iml PZ, compute -2rS, aud ZSP which hex e called tbe 

nn Je of position, hut it ib not the ingle gcnei illy undei stood undei tins appel 

^vhich will he found to ngiee with the llulc in 
the (hfteicnt cases, as thcie stited 

I ct « he the noith oi bouth pole of the cchptic, accoichng as le p i 
IS in noith oi south htitudc (no mattei whcthei p be elevated above tl 
hoiizou 01 not), S the stu touching the moons hmb, 'll die paiilUv m 
altitude of tint pait of the moons limb, llicn is pm ix. in o 
nlude and pS — jii the paiaUax in kihtude Diaw a; a poition ol i 
to U.0 ccl.,hc . and . v po.Uou of . B-tt 
then the tluc latitude 4 moon s hinb) = 

Si X cos Q,ec.us.ZSm^90^±^Ss)zS±S.. 

bin ZSm il thciefoic horn this we subtiact sS, flic vppaiontlati 

tude of fJicVoint 5^of Uie moon’s limb, we have the pai dhx m latitude =± 

hiitif/i=tliehoii/ontalpaiUlix of Uic moon, then 

X bin Zbwi- - 

n«n ?t— Axsin stu s vpp zcmUidist , ihciefoie the fust ind piincipal 
P'ut=i/ixyn Btu’b ipp /emllidist xsin ZSon, wheie ^ ^ » 

Lcoichng as the laUtude ol tlic pUce is noith oi south, except Z&m is mo 
1 80® when It becomes of a contiaiy donommaUon, that is. - m noith 1 lU 
1 md* +111 sonlli htitudc Having gotten the true I itilude iieaily, befoie 

wo End the second poll of U.o puolhx m htitude. wo tviU findUie innll^m 

longitude 

End &m Z8 sin sin5'T(154) 

Ead bin tir (cos ZSm) sm Sj^ sin 17 

Cos r'o rod sin xr sm xpS 

Had xcos /w bin ^Jixeos Zbm sin A “ bin xpS, 

- sm ZS X cos ZSm x sm h qP paiallax in longi 

licncC) sm ^ ^ 

tude ataceing with the Eule This poioUax wiU be + , that is, eosteily, oi - , 
S’^oTwe A. '“otdtng os Zm to o«to “ 

acute which aie fiom 270'’ to 90% and those obtuse which are fiom 90 to 270 
Now to hnd the second pait of the paiallav in latitu e, we i 
, Bin rpbx^n fp nnfi tan 

duce the expiession thus i 5 = ^ cos ay ' 

* Sec the Note to Tx Art 164 
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sin 


JiLiice, tins second pait=: x sm to x cos apn x sin Pr 

i X lad ^ ^ ixiacP 

Sin ^t)S^ 

X cos w=;-— — ^^xsm 2vr, -ind to i educe tins to seconds of a degiee, 
we Inve 206264 ,8 the seconds in in aic cqinl to ladius , hence, i id = 1 — 

rx ' dae P -515Q& but the log 

of 51566 IS 4,7124, and %pS is the panllix in longitude , this theiefoie pioves 
tin tiuth of the Rule for die second pait of the panlhx m latitude This is 
ali\ lys of i conti iiy denomination to the moon’s latitude 


755 Ilus calcul ition being nidc, we veiy icadily find the diffcience of the 
longitude of two phees by the following Rule 

I Fiom the mciidian obscivations of the moon, compute its true 1 ititude 
and longitude, and compaic it with the latitude and longitude computed fiom 
the fiblcs (which may be taken fiom the Nmihcal Almanac), and we get the 
ciioi of tlie Tables in latitude and longitude 

II Compute, by the above Rule, the tiue latitude ind longitude of the 
point of the moon s limb wheie the occult ition tikes place 

riG III Take the difference CF of the latitudes of the point of occultation and 
the moon s ccntci, and knowing Cs the moon’s scmidiimctei, wc have log sF 

=log - CF^ = i x log C^cF- log cP- LF 

IV Iind the viluc of sP in longitude, by dividing it (108) by the cosine of 
the stai’s latitude, and wc get the tiuc difleicnce of longitudes of the moon and 
stn, whieh diffcience applied to the tine longitude of the stai, gives the tiue 
longitude of the moon’s centu at the tune of the occult ition 

V land the same foi any othci place, and tike the difleience, and then say, 
as the moon s hoiaiy motion that diffcience one houi the time between the 
iinincisions at the two places 

VI Apply that tunc to tlie time of occultation at one place, and the diffeienoc 
between that lesult ind the time of occult ition at the other place gives the dif 
feicnce of longitudes 


EXAMPLE 

On Mai oh 27, 1792, the immersion of Jldebaran at the moon’s daik limb at 
Gieenwich was at 8h 31 36 ,8 appaient time, and at the Obseivatory of In 
nity College, Dublin, it was at 8h 4 51 ,5 appaient time, to find the difference 
of then longitudes 
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As the Iinmeisions only weie obseivcd, li is necessaiy lo hwe the exact la 
titude of Uie moon at the immuaions, foi finding which we have the follovniig 

obscivations , , 

By obscivations at Gieenwich on the day of occultation when tlie moon pa 

cd the inciidiaii, the light ascension of ila fiist hinb was found to be 63 35 

55 ,8, ind the /emth distance of its lowei limb, collected foi lefi action and the 
eiioi ol the hue ot collimahon, was 35° 41 0 ,7, and the apparent time of its 
passage was 3/i 46 10 Hence, its latitude by obseivation was 4 38 40 

ind Its longitude was 64° 55 61 ,2 By the Nautical Almanac, its latitude 
computed was 4° 38 40 , ind its longitude was 64° 5b 47 ,6 , hence, on th it 
da) theie was no ciioi in the Tables of the moon s latitude, but an eiioi of + 

50 ,4 in its longitude , , , j. n i 

By the NauUcal Almanac, the moon’s latitude at the immeision at Gieenwch 

w as 4 44 52 ,7 S , and it tlie Obsei vatoiy at Dubhn it was 4 44 43 ,7 Ihe 

ippaient longitude of Aldebaianwis 66° 52 59,2, md its appaient latitude 
5“ 29 5 6 Its light isccnsion was 66 , and its dcclinition was 16 4 ,4 , the 
obhqmtyof tho cchphc was 23° 27 48 , and the moon’s hoioiy motion in 

longitude was 30 9 ,2 by the NauUcal Ahnanac 


liOg cos 5 29 5 ,6 

cos 66 0 0 

sin 23 27 48 g 

sin 9 21 48 

90 0 O 


Olltll comp 0,00200 
9,60931 
9,00006 


Z. bet 11 eel and II equat 9,21 1 37 


80 38 12 the angle between the meiidian passing thiough 


tlie stai and a poiallel to the ecliptic 


Cahulation for the Ohsei'oalory at Greeivwicli 

Right ascen of the mid heaven at immei Sion 9’ 6 84,5 

fatal 4 24 0 


Horaiy angle 70° 38,6 


4 42 34,5 


Witli this, and the dechnation 16° 4,4, and latitude i educed 51° 14,1, we 
find tlie angle of position=40 29 ,7, and the stai’s altitude = 24 32,3, hence, 
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80° 38,2 — 40° 29,7 — 40° 8,5 the -ingle made by a veitical cade and apt 
1 illtl to the ecliptic 

The moon s eqintoiial paiallix -54 45 ,9 (Naut Aim ) 
Reduction (169) —8, 7 

Honzontil paiallax leduced 54 37,2 


Sin 

54 

37 ,2 hoi par red 

8,20106 

Cos 

24° 

32,3 stai’s altitude 

9,95889 

Sin 

40 

8, 5 / bet vei cade and ll eel 

9,80934 

Sin 

32 

1 ,9 paiallax m neaily 

7,96929 

5° 

29 

5, 6 S lat 


4 

57 

3, 7 tiue lat of the point of occultation nearly 


Sm 54 37 ',2 horizontal paiallax 8,20106 

Cos 24° 32,3 stai’s altitude 9,93889 

Cos 40 8, 5 zbet vei ciiclc anH || eel 9 88335 

Cos 4 57 ti lat of point of occ neaily— ar com 0,00162 

Sin 38 7' ,5 parallax in 8,04492 

Constant logaiithm 4,7124 

2xsin par in long 16,0898 

Sin twice tiue latitude 9,2353 

I ogaiithm of 1 ,1 « 0,0375 

4 57 3, 7 r- 


4 57 2, 6 tiue latitude of the point of occultation 
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Apparent longitude of Jldebatan 

Pn Ulax 

2‘ 6° 52 59,2 

38 7,5 

Longitude of the point of occullation 

2 7 31 6,7 

Lit of point 5 of moon— Ixt of centei C=4° 
9',9 = CP, alsoCls = 14 55,4, 

57 2,6-4° 44 52,7 = 

Hence Cs = 14 55 ,4 

CP =12 9, 9 


Sum = 27 5, 3 = 1625 ',3 

Dlff = 2 45,5= 165, 3 

3,2109335 

2,2187980 


2)5,4297315 


2,7148657 


Log cos lit 'Ultll comp 0,0016228 


Log 520',6s=8 40,6— sP 2,7164885 

2* 7® SI 6, 7 longitude of s 

2 7 22 26, 1 long of « "a center at immer -it Greenwich 


CaJcuIahon for the Ohsetmtory (f Tttm^ CoUege, DubUn 

Right isccn of the nudheiven it immeiBion 8' 83 48,5 
-J btll - 4 24 0 

Hoiaiy angle 62“ 27' - ^ ® ^ 


With this, and the dechnition 16° 4 26', and latitude reduced 53 
find the ingle of po&ition = 37° 32, and the sUu's altitude =29° 12,9, hence, 
80° 38,2-87° 32' =43° 6,2 theangle made by a veibcil cucle and a paiallei 

to the echptjc 


i 
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The moon’s cquatoinl pamllax 54 45 ,9 

Rediictiou ~ 9, 1 

Hoiizontal p-iiallax 54 36^8 

Sm 54 36 ,8 hoi pai led 8,20100 

Cos 29° 12,9 stTi s altitude 9,94091 

Sm 43 6,2 /.bet vei ciicle and |1 eclip 9,83462 

Sin 32 34'',2 paiallax m neaily 7,97653 

5° 29 5, 6 S lat 

4 56 31,4 line ht of the point of occultation neailj 

Sm 54 36', 8 lioi pai icd » 8,20100 

Cos 29° 12,9 stai’s iltitude 9,94091 

Cos 43 6,2 Abet veit ciiclc and 1| eel 9,86340 

Cos 4 57 ti lat of point of occ neaily ai com 0,00162 

Sm 34 55 ,9 paiallax in longitude 8,00693 

Constant logaiithm 4,7124 

2xsm pai m long 16,0154 

Sm twice tine latitude 9,2346 

Logarithm of 0 ',9 _ l ,9624 

4° 56 31,4 

4 56 30, 5 true latitude of the point of occultation 

Appaient longitude of 2’ 6° 52 59,2 

Paiallax 34 gg, 9 

Longitude of the point of occultation 2 7 27 55, l 

Lat of the points of moon -lat of centei 0=4° 56 30,5-4° 44' 43", 7 
46 ,8 = CP, also Cs= 14 55,4, 
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53 5 

Hence, Cs = l i 55 ,4 
CP =11 46,8 

Sura 26 42 , 2= 1602', 2 - 3,2047167 

Dz£F 3 8,6= 188,6 2,2755417 

2)5,4802584 

2,7401292 

XjOg cos lat iiith comp 0,0016228 

Log 551 ,8=9 11,8=5P 2,7417520 

2’ 7* 27 55, 1 longitude of s 

2 7 18 43,3 long of d’s cent atunraei at Dubbn Obsei 
2 7 22 26,1 ' " ' Gieenwich 

Dlff 0 0 3 42,8 

Hence, 30 9 ,2 ( a 's hoi mot in long ) 3 42',8 1 boui 7 23 ,3 the 

time between tiie immersions at Gicenwich and the Ob&eivatoiy of Tiimty 
College, Dublin 

Imraeision at Obsei of Tim Coll Dublin, s’* 4 51 ,5 

7 23,3 

Tunc at the Obsei of Tnn CoU Dubhn,) g j2 14 8 
when Uie occult happened at GieenwichJ ’ 

Tunc of occultation at Gieenwich 8 37 36, 8 

Longitude of Obser Tiin Coll Dublm 25 22, 0 W 


Foi this computation I am indebted to Di Beutklut, who obseives, that 
the accuiacy in the lesult will not be affected by an eiioi in the longitude of 
the stai, and that a smaU eiioi m its latitude will not sensibly affect the lesult, 
when the places do not differ much m longitude and latitude 
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I ojind Ihi, DilJii cnee oj J ov^ilude'i oft ao Places fr om a Suk} 1 chpsc 

I I'liid (IGF) the moons puillixm lititudc ind lo igitudc foi Ihc given 
tune vnd place ol obscivilion 

II Compute the moon s line htitmle, uul to it apply the cnoi* ol Iht 
I iblcs, and you get Iht tuie 1 ititnde coiioetly , to which ipply the pai ill ix iii 
liiitude, intl )ou get llie ipp ii cut 1 ititudc JiJ, M being the ccntei of the 
moon, S of the sun, SL the etliptic, uul Aid pcipendiculu to it 

III Ilenec, foi the beginning oi end of tlie eclipse, hnowing Si!/ the 
burn of the senndi uneteis, oi it any othei tune knowing the distincc 6Af 
of then centtis fiom obseivition, we get 6L ~ SJii* — i/Jv* =: 

i/ + il/ii X »S Ml the jppaieut ddleienee of longitudes, to winch ip 
ply the panlhx in longitude ind )ou j^et the tiue diifeienee of longitude, ol 
the eentcis 

IV Then siy, as the hoi 11 y motion of the moon fioin the sun tint dif 
feicncc 1 houi the time between the obseivition ind the lime ol the tiue 
conjuuetion, which ipplicd to the time of obscivation gives the time of the tiue 
conjunction 

V Innd the same foi my othci pi ice, ind the diflcicnce of the tunes gives 
the diffeicnce of the longitudes 


F\AMPI L 

On Scptembci 4, 1799, the beginning of a solai eclipse at Giccnwieh was 
obseivcd to be at 21// 99 21 ippuent time, at the Obscivitoiy of Iiimty 
C ollege, Dublin, the beginning was its// 4i 50 ,2 sidcieil tune, oi 21// b 47 
ippuent tune, the middle at 9// 36' 12 sidcicil tunc, oi 22/i 37 51 (> ip 
paient, ind the bieadth of the lucid put at the middle, ineasmed with i 
divided object glass miciometci, was 6 47 , to find the difleienco of the Ion 
gitudes 


Calcuhhon for the Ohsermtoiy at Duhlin 

The latitude is 53° 23,3, and the leduction (173) 14,3, hence the latitude 
reduced is 53° 9 Ihe obliquity of the ecliptic was 23“ 27 ,7, the moon s 

* The erior of latitude of the Tables ia found by compsung- tlie htitude deduced fiotn obseria 
lion with the computed laUtude, in this Example it is found fiom the obseivation of the middle of 
the ellipse It cannot here be found as it waa at the occultalion of a fiKcd stai bj the moon fiom a 
meridian observation of the moon as such an obseivition cannot be made at oi neai to the lime of 
the eclipse the moon being invisible 
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homy motion in longitude was 29 3*7 »9, in latitude 2 42 ,8, and its hoiaiy 
motion fiom the sun 27 12,1 

lust, to find the ciioi of the Tiblea in latitude fiom the obseivation of the 
middle At the middle, the moon 9 latitude by the Tables was 37 43 , and 
lonj^itude 162° 51 , and the light ascension of medium cceh was 9A 5b 12 
=141 3 , hence the following calcuUtion* to find the paiollax m hUtude 


iiid longitude 



Cos 114 3 light tsccnsion med coch 

Cos 53 9 latitude i educed 

9,90823 

9,77795 

Cos aic I =119 2,8 - 


9,68618 

Cot 53° 9' lat icd 

Sin I44f 3 light iscen med coch 

9,87474 

9,76870 

Cot aic II =66° 15 

OblKi eel =23 27,7 


9,64344 

Sm lie III =42 47,3 

Sm aid =119 2,8 


9,83205 

9,94161 

Cos alt non =53° 34f,2 

* 

9,77366 

Cos olC III =42° 47,3 

Tin aic I =119 2,8 


9,86561 

10,25541 

lin long non =127° 

Moon’s longitude = 162 

1 

51 

10,12102 


Moon’s dist fiom nonag 35 

4444 



* Dr BniNKiTY made hib CilculationB by this Rule Let T =;llie latitude icduued Oiiobl cel 
AzzAR of medium coeli then eo-j A-\ cos L=:cob arc I which is gicotti tlnn a quadrant m the 
second and llindquadi'inU of ined coeL Cot L+un yJsnc II winch ii> -dwaya less Ihm a qua 
dnnt Arc II iO^-sre III where— takes plaoa when Anca is West of the moiidian and + 
when T at.1 Co ol alt nonag t:sm aio I +sin arc III Tang long nonag =cos arc III +tan sic T 
When aic III is ksi than a quidranl the long nonag is of the same aflcction as A when j,n?o/ej of 
the same aHection as are I 
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The moon’s equatoiul paialhx 

54 

12 


Eediiction 


~8,9 


Moon’s lioiizontal paiallax 

54 

3,1= 

=3243 ,I 

Sun’s lionzontal pii illax 


«* 

8, 6 

IIoi pai D fiom 0 



3234, 5 

Log 3234,5 



3,50981 

Sm 53° 34,2 lit nonag 



9,90557 

Cos 37 43 c’slit by Tab 

aiith 

comp 

0,00003 




3,41541 

Sin 35° 44 4 ’s dist fiom nonag 



9,76642 

Tog 1520 =; 25 20' pai m long 

nearly 


3,18183 

35° 44 




Sin 36 9 i. 

ir 

m 

9,77078 




3,41541 

Log 1535 ,3=25 35 ,3 pal al m Longitude 


3,18619 

Log 8284,5 * 



8,50981 

Cos 53° 34,2 alt nonag 



9,77366 

Cos app lat <t 

arith 

comp 

0,00000 

Log 1920', 8=32 0 ,8 first part par in lat 

3,28347 


37 43 d ’s lat by Tab 


42,2 apparent latitude very nearly 
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Log 3234,5 

3,510 

Sin 53 34', 2 alt nonog 

9,906 

Sm 5 42,2 app lat of 4 •' 

7,220 

Cos 35“ 44+®^ 

9,908 

2 


Log 8 ,5 second pait par lat 

0,544 


32 0, 8 iiist pail 


31 57 3 pal dlax in Latitude 


Motm’s honzontal ^emidiamOter 
Inflcx light 


Augmcn foi d ’s alt 35“ 
Moon*5 semidiatncfci 

Lucid pait at the middle 


Collection of lucid pait 
Xhc moon’s scmidiametoi 

Sum 

Ihe Bun’s sermdiametct 


14 46 
-3 


14 

■ -r 

43 


+ 9 

14 

52 

6 

47' 


-6* 

- ■■ - 

6 

41 

14 

92 

21 

S3 

15 

53 

5 

40 


• Dr BKiNKiwobscucB that impeifcct oi bad achiomiUc tcleatfdpea are found to pve the sun s 
cliomctci ^realti than it le illy is M^ru s tch scope which was not irhromatio gave acooidinglo 
the late ohsen itions of Dr M iski lyni the sun s diamctu too ^leal as set down tn the Nautical Al 
manac by 0 An icliionnUc nitl) tdiiidcd object gla s nnuometcr may be considered os an uidif 
ftreiit tch cope jxihaps little better tliin a tele cope which is not ichiomafac I have thciefoie di 
minislied the nieisuie 6 I could gise sesenl icason why I hv u at 6 The collection may be 
disputed hut it is of little oi no consequence in the lesult except when the tine conjunction is de 
terniiiicd separately flora the begiiiniii snd eud and not then of much except the eehpsebe smsll 
Di Maskcunp Ills found the sun s diameter as put down in the A ou/ica? j4/«an«c 6 too much | 
that coi reel ion Ihcrcfoic to tlicdi uncter in the hautual Almanac is heie applied 
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t-ince of the cciitei of the sun fiom tint of the moon , ‘ind as the appaient 
path of the moon makes m angle of only ibout 1° 5 40 with the ecliptic. 
It miy be consideicd as the moon^s vppuent latitude at the middle of the 
eclipse 


Appaicnt latitude » 5 40 

Pii ill IX in latitude 31 57^ 3 

Tiue latitude by obseivation 37 37, 3 

by the Tables - 37 43 

1 11 01 of the T ibles in 1 atitude —5,7 


Hofmd Ihe hue Time of the Coiyunclion at DuUm Oh&enatoiy 
I atitude of Dublin Obseivatoiy 1 educed — 53 9' 


Cos 121° 12,6 light ascen med cab 

Cos 53 9 ht led 

9,71448 

9,11195 

Cos aic I =108 6,5 

9,<I9213 

Col 53° 9 ht ltd 

Sin 121 12,6 light a cen mod coeh 

9,87474 

9,93211 

Coi aic IT = 57 ° 20,5 

Obliq ccl =23 27 7 

9,80685 

Sin uc III = jJ 52, 8 

Sin uc I = 108 63 5 

9,74620 

9,97793 

Cos all iioing— j8 0,5 

9,72413 
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Cos aic III =33° 52,8 

1 vii uc I =108 6,5 

9,91920 

10,48545 

Txn long nonog =111" 29,9 

Moon's longitude = 162 6 (Naut Ahn') 

10j40465 

<L ’& dist k nonig =50 36, 1 


Moon’s equitoiiilpaiallix - - 54 

Reduction 

11 

-8,9 

Moon’s hou/ont-d paiallox 54 

Sun s hou/ont d pn illax 

2,1 = 3242 ,1 
= 8, 6 

Ilou/ontd. paioUax ol d fiom 0 

. 3233, 5 

Moon’s latitude by 1 ablcs " 

Eiioi of Tiblcs 

S3 36 N 
-5,7 

Moon’s Uuc latitude 

33 30,3 


I og 3233 , ^ 3,50967 

Sm 58 0,/J nit nonTg 9,92846 

Cos 3S 30,3 cMlUeht Tllill comp 0,00002 


Sm . 

50° 36,1 4 ’s dist liomnonig * 

3,48815 

9,88804 

T og 

2119,3=35 19,3 pai in long neoily 

3,32619 

Sin 

50 36,1 

51 11,1 - M 

9,89166 



3,43815 

log 

2136,8 = 35 36,8 pn in 

3,32981 
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Log 3239,5 

Co 5 58“ 0,5 -lit nonag 

Log 17l3,l=:28 33 ,1 fiist pait pai in ]at 
33 30, 3 moon s line latitude 


4 57, 2 moon’s appaient latitude nearly 


Log 3233,5 

iSin 58 0,5 alt nonag 

Sin 4 57 ,2 4 ’b ipp latitude neaily 

3,510 

9,928 

7,159 

Cos 50“ 

9,799 

Log 2 ' ,5 second pait of par in latitude 

23 33,1 fiist pait of pai m latitude 

0,396 

28 30, 6 paialhx in laliMe 


Moon’s tiuG latitude 

Paiallax in latitude 

33 30,3 
28 30,6 

^ = 299 ,7= * 

4 59,7 

The moon’s semidiametei 

Inflexion of light 

14 46 

^3 

Augmen foi 5 ’s alt 32° 

14 43 
t8,4 

Moon’s semidiametei 

H 51,4 

The sun’s scmidiameter reduced 

Moon’s semidiameter 

15 53 

14 51,4 


3,50967 

9,72410 


3,23377 
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1841,4 





299,7 




Sum 

2141,1 



log 3,33125 

Dift 

1541,7 



log 3,18881) 





2)6,52009 

log 

5^ = 1819,9 = 

30 

19 ,9 

3,26004 

Piiollax in long = 

35 

36,8 



1® 

5 

56,7 tiue diff long 0 and « 


Hence, 27 12 ,1 1® 5' 56 ,7 lit 2A 25 28 the inteivil fiom the be 

ginning to tlie time of the Uue conjunction , consequently 21/i 6 47 (beg ) 
+ 2/i 25 28 =23/i 32 15' foi thc time of the conjunction at the Obsemtoiy 
of riinity College, Dublin 


To cotnpuPs ihe samejbr Greerswteh 

Beginmng at - - 21“ S9 21" appaient time 

Sun’s light ascension - 10 58 3 

Right ascension med cceb » 8 97 24 = 129® 21 


Latitude of Greenwich reduced =51® 14,1 


Cos 129® 21 iighi ascen of med coeli “ 9,80213 

Cos 51 14,1 latitude X educed - 9,79668 


Cos arc I =113® 23,5 


9,59881 
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Cot 51° 14,1 latitude 1 educed 
Sin 129 21 light ascen ofmed coeh 

Cot aic II = 58 9,7 

Oblni eel =23 27,7 


Sin aic III =34 42 
Sm aic I =113 23,5 


9,90475 

9,88834 


9 79309 


9,75532 

9,96275 


Cos alt nonag =58° 30 


9,71807 


Cos aic III = 34° 42 - 9,91495 

Tan aic I =113 23,5 - 10,36394 


Tan longitude now'xg =117° 45 10,27889 

Moon’s longitude =162 10 (N out Ain) — - 


Moon’s dibt fi out non 44 25 


Moon’', eqintoiial paiallax 

51 11 

Reduction 

~7,l 

Moon’s hoii/ontil paiallax 

54 3,9=3243 ',9 

bun s hoiizontalpai iJIax 

8,6 

Hoiizontd paiallax d fiomo 

3235, 3 

Moon’s latitude by the Tables 

33 55,9 

fiioi of the Tables 

-5,7 

Moon’s true latitude *> * 

33 50,2 


2 
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34.5 


Log 3235, S 

bill 58 30 Tit nouag 

Cos 33 50 moon’s tiue lat luth comp 


Sin 44° 25 moon’s (list fiom nonag 

Log 1930,7 = 32 10,7 p-ii mlong neoily 
44 25 

Sin 44 57 10,7 

Log 1919,1=82 29 ,1 pn m Longitude 


liOg 3235, 3 

Cos 58° SO alt nonag 

Cos moon’s appuent latitude - ontli comp 

Log 1690,4 = 28 10,4 first pait poi in lat 
33 50, moon’s true latitude 


5 40 apparent latitude neaily 


Log 3235, 3 

Sin 58° 30 nit nonog 

Sin 5 40 appaicnt latitude of moon 

Cos 44° 25 


Log 3 ,2 second paii of pai in latitude 
28 10, 4 first pait of paf m latitude 


28 7, 2 paiallax m Latitude 


4* A. 


3,^0991 

9,93077 

0,00002 


3,44070 

9,84502 


3,28572 


9,84912 

3,44070 


3,28982 


3,50991 

9,71807 

0,00000 


3,22798 


3,510 

9,981 

7,217 

9,852 


0,510 
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Moon’s tiue latitude 

33 50 ,2 

Pii ill v\ in latitude 

2S 7,2 

3JE = 3iS =: 

5 43 

the moon’s semidiunetn 

14 16 

Inflexion of light 

_3 


11 43 

Aiigmen loi 5 s alt 37” 

+ 9,5 

Moon’s scnndiamctei 

14 52,5 

Lhc sun’s SGinidiimeiei 1 educed 

15 53 

Hie moon s scmidumctei 

14 52,5 

M/=1845',5 

30 45 

1845,5 


34 3 


Sum 2188,5 

log 3,34015 

Diff 1502,5 

log 3,17681 


2)6,51696 


Leg SE = ISlS'S =:SO 13,3 3,25848 

PuillaN; in longitude = 32 29,1 


1 2 42, 4tiuediff of long owd <i 


^ Hence, 27 12', 1 1° 2' 42 ,4 l hour 2A 18 18 ^9 the mtoml fiom 
the beginning to the time of the true conjunction , consequently 21/? 39 21 

(beg) +2h 18 18,9 = 23/1 57 39 ,9 the tune of the tuie conjunction at 
Gieenwich 


4 
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lime of conjunction it Gieenwicli Obseiv 
it Dublin Obseivitoiy 

Difleience of the meiuluns ■ 

To find die eiioi of tlie Tibles in longitude, 

O’t. long it time of con] by M vinn’s Tab 
» ’s long 

liiioi of the lunii 1 ibles in longitude, 7 
supposing the sol u 1 iblcs to be icciu lie j 


23' 57 39,9 
23 32 15 


25 24,9 


we have 

5 13“ 17 6 

5 13 17 48 


51-7 


Di BRiNKini obscives, tint in an occultation, oi eclipse of lie sun, when 
the colculiLion is made foi the diffaencc, of longitudes to be deduced fiom the 
beginnings oi endings it t^o places, it will be sufficient to use the equatoiial 
piiilUx to the ncaiest second, and not to icgaid the inflexion and iii idiation 
of light, but when the diflcicncc of longitudes is to be deduced fiom the be 
gmmng at one pUcc ind the ending at the othei, these ciicumstances oughi 

to be stiicUy attended to 


Jo find the Longiludd hy a Tme Keeper 

756 Let the Itm keepei be well legulatcd, ind set to tic meiidian of 
Cricenwich, then if it nuUici gain noi lose, it will ilwiys how die time at 
Orecnwich Hence, to find tho longitude of my othei phcc, find the mean 
time, cithci by the sun s dtitudc oi that of a fixed sin by Ait 92, oi 106 and 
obscivc, It the instant of liking the iltitudc, the time by die watch, and the 
diffc lence of dicse tunes, convcited into dcgiccs, it die i ate of 15“ foi an horn, 
gives the longitude fiom GiccniMch If, foi example, the time by the witch 
when the altitude was taken, was 6A 19, ind the mean time deduced fiona 
that vltilude was Oh 23, the diffeiencc 3li 4 conveitcd into degices gives 46“ 
the longitude of the place cast fiom Gieenwich, because the time at the place 
of ob&eivvtion is for varde) than tint it Gieennich Thus the longitude could 
be veiy leulily deteimined, if ) 0 u could depend upon the witch But as a 
watch will ilwaj s gam oi lose, befoie it is sent oUt its gaining oi losing eveiy 
day foi some tunc, a month foi instance, is obscived $ this is called the rate (fi 
^Qtnp, of lie watch, and horn thence the mean i ate of going is thus found 
757 Suppose, foi instance, I examine die iite of i witch foi SO days , on 
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some of those thys I find it has gamed, and on some it has lost, add togethei 
all the quantities which it h xs gamed, and suppose they amount to 17 , idd to 
gethei all the quantities which it Ins lost, md let the sum be 13 , then the 
diffeience 4 is the mean ij^te of gunmgfoi 30 clxys, which divided by 30 gives 
0 ,133 foi a mean daily laL of gimmo Oi you may get the mean daily ia(e 
thus Take the between what the watch w is too fast, oi too slow 

on the fist md list dajs of observation, if it be too fast oi too slow on each 
dxy , but take ihc sum, if it be too fist on one day and too slow on the othci, 
and duidc by the nurabci of d lys between the obseivations’' And to find the 
time at the place of tiial at any future peiiod by this watch, you must pui 
down, at the end of the ibovc tiial how much the watch is too fast oi too slow , 
then subtiact fiom the tunc how n by the watch, 0,133 x numbci of d lys 
liom the end of the in il, being the qu intity which it h is gained accoulmg to 
the iboie mean 1 ite of g lining, md jou aie then supposed to get the tuie 
tunc iflectcd with the ciioi at the end of the tiiil Ibis would bo ill the ciioi 
if the w itch hid continued to gun iccording to the above latc, and although, 
fiom the diffeicnt tempci ituics of the air to which the w itch may be exposedi, 
and fiom the impeifcetion of the woikmanship, this cannot be cxpcctod, yet 
by tikmg it into considciation, the piobable eiioi of the time will be dimi 
mslicd In watches which aic undci tinl it the Royal Obseivatoiy at Gicen 
wicb, as candid lies foi the lewards offeicdby Pailiainent foi the discoveiy 
of the longitude, this dlowmcc of a mein i ilc to be applied m oidei to get 
the lime, is not gianted by the Act of Piiliaracnt, but it icquiies tint the w itch 
itself should go witliiu the limits assigned, the Commissionois, howovci, aic 
so indulgent, as to giant the application of a mem late, winch is undoubtedly 
favouiable to the watches 

758 As the late of going of a witch is subject to vaiy fiom so many cii 
cumstances, the ohseivei, wheuevei he goes ashoie and has sufficient time, 
should compaie his watch foi scveial days with the mean time deduced ii ora 
the altitude of the sun oi i stu, by which he will be able to detoimine its late 
of going And whcnevci he comes to a place whose longitude is known, be 
may coriect Ins watch and set it to Gicenwich tune Poi instance, if he go 
to a place known to be 30° east longitude fiom Gicenwich, his watch should be 
two houis slowei than the tune at that place lund theicfoie the time at that 
place by the altitude of the sun oi a fixed stai, and collect it by the equation 
of tune, and compaic the tune so found with the time by the watch when the 
altitude was taken, and if the watch be two houis slowei than the time de 
clucecl flora obseivation, it is ughl , if not, collect it b) the thffciencc, md it 
again gives Gieenwicli time 

■* Tqr fuitlicr lufoijnation on tins iubject, see Mi W urs Method of finding the Lpnj^Uudeut Sea 


methods or nNDING TUB LONGITUDE 

V59 In long voynges, nnle« yon have somotimoa tlie ■nenra of ndju^ng the 
witch to Gieenwich hme, irt enoi mil piobibly be veiy consideiible, and 
consequently the longitude deduced horn it mil be subject to a pioporUonal 
r^ nlloyaisiwilihii undoubtedly veiy useful also in long 

ones wbcio you Inve the me ii, of collecting it fiom time to Ume It selves 
10 ciiiy on the longitude floi i one 1 nown place to inothei, supposing Ae m 
leiMl of time not tobe veiy long, oi to keep Uie longitude fiom which ” 
deduced horn i lunu obseivihon, till you cm get inothei obsem 
tin, watch imy be lendeictl of gicat ci\icc iH NxvigjatioH 

UJind iSc rongiln* kl «> Ecipie «/■ 

■760 Bv in eclipse of the moon This cebpse begin when the umbia of 
the caiUi fust touches tlio moon, ind it ends when '*■ ^ (|i,™ie 

the times calculited when the eclipse begins and cuds ‘‘ 
the times when it begins ind end, it my othoi plico 

bine convened into degices, gives the diffeience of longitudes loiM^^ 
li.it ihc daikncss of the penmnbia continues to mcieasc till 

horn the obscivcd beginning an ent ?i«tpiminc tlio diffucnco of the 

end , hecame, when the umhi i is gotten upon the m ,n which he 

his leisiiie to considc. and fit upon the P“>P^^““rof the umbii 
will be assisted by lunning his eye ilong the „ ,, Uiie, 

Ihns the coincidence of the umbii widi *0 JU may ^0 ,,,„ „„„ 

iblc iccuney The “^7'“ I'lunii echpse 

at hand, that he may not mistake Ine tele P j 

should have but 1 siniU e^lKiC md g!es off on Uie west, but if 

shadow comes upon the moon on the east siuc, lu ^ 

the telescope inveit. the ippeirance will bo conhiiy 

0 
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761 Ihe eclipses of JuintoS sitcllites vffoul the k vdiesl mclliod of dctci 
mining the longitude ol phccs illiiul It vva^ dso hoped tint some method 
might be invented to ohscnc them it sc-i, and Mi Iiimxn made lelnii to 
swing foi tlntpuiposc, loi the ob civei to sit in, but Di Masiclivni, in i 
voyage to Bubidoes uiidci the diiection ol the Cominissioneis of longitude, 
found It totill} impi leticible to deine aii} uhantage fiom it, ind lu obstues 
that “consideimg the gieit powei leqmsite lu a telescope foi mil mg the be 
obseu itienis well, inei the violenec is well as niegnlaiities of the motion of i 
ship, X am afiaid the i ompleie minagcinentof a telescope on ship bond will 
ilwijs lemam iniong the dcsielci ita Howeaei, I would not be undeistood to 
mean to ehseoiiiage my attempt, founeleel upon good pimciplcs, to get ovei tins 
ehflieulta ihe telescopes jiiojici foi making these obseivafions aie common 
lefa leting ones fiom 1510 iOfeet, lefleeting ones ol ISinchcsoi 2/eel oi the 4f> 
ineli n.chiomitiewiththieeobjectgIisseswluchweufiistmideb} Mi Dotionu 
On iccount ol the uiieei tainty of the thcoiy of the satellites, the obseivei should 
be settled iL lus teleseope ifew minutes befoie the expected time of an iinmei 

ion And if the longituele of the phcc he also uneeilain, he must look out 
piopoitioiiibly soonei I bus, if the longitude heunceitim to 2 , inswcimg 
to eight minutes of time, he must begin to look out eight minutes soonci 
than IS mentioned above Hovevci, when he has obseived one eclipse and 
fountl the euoi of the i ahles, he may allow the same collection to the c ileula 
tions of the X plicmeii foi scaci il months, winch will ideeitise liiin veiy nearly 
of the time of expecting the eelipscs of the s une s itellite, ind dispense with lus 
attending so long Befoie the opposition of lupitei to the sun, the iinmcistons 
lud emeisions happen on tlie west side of Jupitei, and aBci ojiposition, on the 
eist side, but if the telescope imcit, the appeal ance will be theeoutiiiy 
Befoie opposition, the immcisions only of the fust satellite at visible, and 
aiftci opposition, the emcisions only The same is gcneially the c ise with 
lespcct to the second sitclhto , but both immcision ind cmusiou ue ficqucnlly 
ohscived ni the two outei sitcllites See Ait 456 

762 When the ob eivei is wutmg foi an cmcision, as soon as he suspects 
that he sees it, he should lool at lus watch and note the second, oi bcj m to 
count the beats of the clocl , till he is sine that it is the satellite, ind then 
look at the clock ind subti ict the nuinbci of seconds which he h is counted 
fiom the time then obseived, and he will hive the time of cmcision If Tupi 
tei be 8° above the hoii/on ind the sun as much below, an eclipse will be 
visible, this may be detciinincd neu enough by a common globe 

763 The immersion oi cmeisioii of a satellite being ohseived acc ending to 
appaicnt tune, the longitude of the pi ice bora Gieenwieh is found by t iking 
the difXeicnce between tint time ind the tune set down in the Nautical Alma 
1 ac V Inch IS calculated foi appaient time 
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L\ Suppose the emcision of i sitcllitt to hT,ve been obseivcd it the Cape 
of Geod Hope, May 9, 1767, it 107/ 46 15 ippiicnt time , now the time lu 
iha Nautical Almanac ih Qh S'} 12 , the diftcience ot which times is 1 ^ 13 
3'' the lon^iitudc ol the Cipe east of Gicem\ich in time, oi 18“ 23 is 

764 But to find the longitude of a place fiom in obscivition at in eclipse 
of i sitcllitc, it IS bcttci to compile it with in obseivition unde uudci some 
well known muidian, thin with the cdeulation of the Ephemeus, beciuse of 
the impcifcetions of the theoi} , but wheie i coiiesponding obsciv ilion cannot 
be obt lined, find whit collection the cileulitions of the Lphemciis lequiic by 
tlu neuest obscivitions to the given time tint cm be obtained, md this coi 
lection applied to the cdcidition of the gnen eclipse in the I phcmciis,icndeis 
it ilmost equivalent to an actual obseivition Xhc obseivei must be cueful 
to legulate his clock oi watch by ippiient time, oi at least to know Uie diflci 
ence, this miy be done eithci by cquil dtitiidcs of the sun oi piopei stus, 
01 the latitude being known, fiom one Utitude it i distance fiom tlie mciidiiu, 
by the methods iheidy explained 

765 In oidei the bettei to dctciinine the diffeience of longitudes of two 
places fiom coiiesponding obseivations, the obscivcis should be fuinished wiUi 
the same kind of telescopes loi at in immeision, is the sitelhtc cnteis the 
sh idow it glows funtei and funtei till at list the quantity of light is so small 
thiL it becomes invisible even bcfoie it is wholly immcised in tlie shadow , tlic 
instant theicfoie tint it becomes invisible will depend upon the quantity ol 
light which the telescope leceives, ind its magnifying iiowci The instant 
thercfoic of the disappeaimce of a sitclhto will be latci the beltei the telescope 
IS, and the soonei it will appeal at its emersion Now the immcision is the 
instant tlie sateUitc is wholly gotten into the shadow, and the emeision is the 
instint befoie it begins to emeigc fiom the shadow , if theiefoic two telescopes 
show tlie disappe u ince or appcaianco of the satellite at the s ime distance of 
time fiom the immcision oi emeision, the difleicncc of the tunes will be the 
same as the diffeience of the tiuc times of then immeisions oi emcisions, md 
thci efoi e will show the diffei ence of longitudes iccui ately But if the obsei v ed 
time it one place be complied with the computed tune at inothci, then we 
must allow foi the diffi^icnce between the appaient md tme time of immcision 
ol emersion in oidci to get the tiue time wheic the obseivition wis mide to 
compile with the tine time fiom computition at the othci place This diffei 
ence may be found by observing an eclipse at my place whose longitude is 
known, and compiling it with the time by computation Obscivers, theiefoie, 
should settle the difleicnce accurately by the me in of a gieat number of obsci 
vations thus compaied with the computations, by which means the longitude 
will be isccilained to a much gieatei accuracy and cert imty AJftpi all thi*^ 
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piecaution, howevei, the different sUtcs of the iii at diffueiit tunes, and also 
the diffeient states of the eye, will intioduce a small degiee of unceitainty , the 
lattei case may peihips, m a gieat mcasuie, be ob\iated, if the obseivci will 
be caiefid to lemovc himself Iiom all waimth and light foi a liitle tune before 
he makes the obseivation, that the eve may be leduced to a piopci state, which 
precaution the obseivei should also attend to when he settles the diffciencc 
between the appaient and tiue times of immeision and emeision Perhaps ilso 
the diffeicnce aiising from the difieicnt stales of the an might, by piopci ob 
seivations, be ascertained to a considciable degiee of accuracy, and as this 
method of determining the longitude is, of all others, the most ready, no means 
ought to bo left uutiied to i educe it to the greatest certainty Foi further 
diiections, «ec Ait 160 
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Alt 766 TiiLRI me two Globes, one ciUcd To resit upon which the 
phccs on the emth me delineated, and the othei cdled Celestial, upon which 
the piincipol fixed stus aie put down in then piopei places, and the &uies of 
the constellations diiivn Ihe tciiestiiil globe is i perfect map of the eaitli, 
icpicscnting accui itcly the lelaUve situitions of all the places upon its suiface 
Ihe celestial glohc selves to explain all the phoenomcna oiising fiom the diui 
nd motion of the eaith about its axis and also the vaiiation ot seasons aiising 
horn its motion about the sun, pnlv supposing the sun to move in the echptic 
instead of the eaith, which will not oltei any of tlie appearances Iig 186 
lepiesent the consti action of each glohe ITR is a flat ciiculai flame of 
wood suppoitcd by semicirculai pieces coming fiom the foot, tlie plane of 
which passes thiough the centei of the globe P0.pE is a biass cucle called 
the lit azen Met idtan , it is suppoitcd at its lowest point upon a loflcr on which 
it turns in its own plane, and passes thiough the hoii/on IIR in two giovcs 
cut foi that puiposc The globe itself is supported within this circle by an 
0 X 13 Pp on which it turns , this axis passes thiough the broken meridian at P 
ind runes an index round witii It over a cnculai plate ho, which is divided 
into houis, &c JEQ lepicsents 'he equatoi, and Cl the ecliptic , to each of 

which elides on the celestial globe second anes aie diawn to evciy 10 oi 15 

dcgiecs , bnt on tlie tenestiihl, they aie diawn only to the equatoi Fiom C 
and I aie diawn the two tiopical aides } and on the teiiestinl globe aie 
diawn the paiollels of latitude Theie is also pdit of another aide Za, called 
a Quad! ant qf Altitude, which is occosidnolly fixed to the biozen meiidian , it 
IS a dun pi ate of buss, having a nut and a sciow at one end to fasten it to the 
meiidian in its zenith Z, and then the lowei end is put between the globe 
and hoii/on, and can be tuined lound to any point , it is divided into dcgices, 
&c by which the altitude of any object above the horizon may be raeoauicd, 
and at the same time it lefeis the object to the hoiizon,by which its azirantli 
may be detcimined 1 lom one point E of the biazen meiidian coiicsponding 
to the cquatoi, the degiees begin and aic continued up to 90° at each pole 
P p but foi the otha scmiciidc of the meiidian, the degrees begin at the 
pdes and aie continued to 90° at the equatoi On the hoiizon, the degiees 
begin at the cast and west points, and oic continued both ways to 90 , oi to 


no 
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the noith ind south points T-he points of the compass aic also gcneially put 
upon the hoiizon , and on two othei cades diawn thcieon aie put the signs of 
the zodi ic, and the months and d lys couesponding to the sun s pi ice, which 
selves as a calcndai to show the place of the un on my day, this howcvci 
cannot be accuiate, is Ihc sun is not always in the same point of the ecliptic on 
the same diy ihc ecliptic ind cquitoi begin then degiees at one of then 
intei sections, called Arcc^, which ue continued the same way all lound up to 
SCO , and the foimei is divided into and inaiked with the twelve signs , the 
cquatoi IS also dnidcd flora the ame point into 24 houis, which is theiefoie 
sometimes made use of instead ot the hoiu ciicle Upon the foot of the globe 
ihcie IS often put i compass, bv which the biazen meiidian may be set noith 
ind south In the F/nl luins 1789, Mi Smeaton has given a desciiption of 
an impioicd qindiant of iltitudc Instcidof a stiip of thin flexible biass, he 
makes it of a moic solid constiiiction It is fixed to a biass socket, and mule 
to turn upon anupiight steel spindk, fixed in the zenith, by which you incisuic 
altitudes and izimuths with as much accuiacy as you do any othci ucs lie 
appi 01 es of the common houi cii clc, and s lys, th it one of foul inches diamctei 
in xy be divided into 720 distinguishable divisions, answciing to two minutes of 
tune, ind if insteid of a jPoinler, an Indu Stroke is used in the same plxne 
with that of the divisions, half minutes may be easily distinguished lie theie 
fore thinks the hour circle should lather be impioved than omitted, as it is upon 
some globes 
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Jo Jind iJie Lalilude of a Place 

767 Bring the place under that semiciicle of the bi uen inciidi in wheie the 
divisions begin at the cquatoi, and obseive what degice it is iindei, and it is 
the latitude leqiuied 


ro rectify the Glohefor the Latitude of a l^lace 

768 Elevate the pole above the hoiizon till its altitude is equal to the Ixti 
tude of the place, and it then stands light foi the solution of all problems for 
that latitude 
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Tojind the Longitude of a Place from cmy gt^en Meridian 

769 Bung the place to the biazen meiidiau, andobseivo the point of tho 
equatoi which lies tmdei it, and the distince of that point fiom the point whcic 
the given meiidian cut the equatoi, is the longitude lequued 


Given the Latitude and Longitude oj a Place, tojind that Place 

770 Bung the given degree of longitude to the lueudim, and tlien undei 
the degiee of hbtudo upon tlie meiidian you have the iilace lequued 


When it IS Noon at any Place A, to find the Hour at any other Place B 

771 Bung A to tho meiidian, and set tlic index to XII , then turn the 
globe till B comes undei the raeudiin, and the ludeii. will show the houi at B 
If It be not noon at A, set tlic index to the houi, and piocccd as befoie, and 
you get the coiicsponding houi at B 

To find the Distance qf A from B « 

772 Bung A to the meiidian, and scicw the qnadiant of altitude over it, 
and caiiy it ovci B, and you get the number of degrees between A and B, which 
multiply by 69,2, the miles in one degree, and you have tho distance 

1 ofind the Bearing of B from A 

77“ Rectify tlie globe for the latitude of A, and bimg it to tlic mciidiin, 
and hx the quidiant of dtitiide to it, Uien diiect Uic quidianl to B, ind the 
point where it cuts the hoiizon shows the be uing lequiied 


Jo find the Place to wJuch the Stm is vertical at ani/ Hour of the Day, at a 

given Place B 

774 hind Uio sun’s place in the ecliptic, and bung it to the mcudian, and 
mark the declination , then bung B to tho mendian, set the index to the given 
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liotu, ind Uun the globe till the mde\ comes to XII at noon, and the place 
undci the un’s declnnLiou upon the ineiidnn is that xequucd 


Jo find on am] Day ayid Hour, the Places Xifhire the ^uu is using, setting, or 
on ike \Itrtdian , oIsq, those ylace^ tphch are enlightened, and 'where the P w - 
li^ht IS beginning and ending 

775 Iind (774) the place to which the sun is veitical at the given time, and 
hung the same to the mciulun, and lectify the globe foi alititude equal to 
the sunS dcchnition , then to all those places in the western semiciicle of the 
hoii/on, the sun is using, to those in the e itisseWmg’, and to those 

uudei the meridian, noon Also, all the places above the hoii/on iic cn 
lightened, and the altitude of the sun above the hoiizon at any one plate it 
that tune, is equil to the distance of that place fiom the hoiizon, which may 
be me isuicd by the quidiant of iltitude Lastly, in all those places 18° btlou 
the wcstein hoiizon the twilight is pist beginning in the morning, and m those 
on the castein, it is just ending in the evening 


To find all Ike Places to which a I iinar Eclipse is Disihle at any instant 

776 Lind the phee to which the sun is vcitical at the given tunc, indbiing 
that place to the zenith, ind the eclipse will be visible to ill the hcraisphcic 
under the hoiizon, because the moon is opposite to the sun 

777 We cannot, by a globe only, dctcumnc the same foi a solar eclipse, 
becanse that eclipse docs not happen to the whplp heiinspheie ol the eaith next 
the sun, nor does it happen at the same tunc to those pliecs wlicic it is visible 

778 The inhabitants of the eaith iic ch tinguishcdbj the difliient diiecUons 
of then shadows They who live in the toirid zone iie called Ampkiscit, be 
cause then shadows it noon nie cist sometimes to the noith and sometimes to 
the south But when the sun is vciticil to them at noon, they then eistno 
shadows, and aie called Ascii The inhabitants of the tempeiato zones aic 
called Ileleroscii, because they nciei cast then inciidim shadows but one way 
They who inhabit the frigid zones aic cilled Pcriscii, because the sun is some 
times above then hoiizon foi a day, 01 foi a longei time even to six months, so 
that then shadows tuin ill lound tlieni 

779 The inhabitants of the cuth have also been distinguished ipto tin ee 
sorts, in lespect to then 1 dative situations m latitude 01 longitude They who 
live undei opposite points of the same paiallel to the cquatoi aic called, m re 
spect to each othei, Penwet These have the same seasons at the same time. 
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only ihey ^2 Ijoui;? w midn^gtl to one vhen it is itio^njx) 

the othei They who hve m tie sime meiidi'Ui, but on opposite sides ot the 
cquatoi and equidistant from it, aie called Anlosct These have day and nig t 
it the tipoic, the l\ours bc^ng tlie same, but they have diffeient seasons, it 
being summer pt^i o^e when it is wwtei wiUi the othei They who hve in 
opposite panllels to tic eqpatoi, &nd lU opposite meudians, oi who hve on op 
posite points of the globe, oie called Antipodes With tliesc, it is day to one 
when It IS night to the othei, and summer to one when it is wmtei to the othei 
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To Jind die Sun*s JUght Ascenston and Dechnation 

780 Bnng the sun^s place in the ecliptic to the meudian, and it points out 
upon the meiidian, the decimation , and the dcgiee of the equatoi whidi is cut 
by the mendian is the right 'vQcenwon 


Given fJie RtgJd Ascenston and Bechnatton of an li£aventy Body, toJ.r\dits^Place 

781 Bring the degree of nght ascension on the e^ualoi to the meiidian, 
and the point coiiesponding to the dechnation, is the place requued 


Given die Latitude qf die Place, die Day anfi Ilowr, to find (he Altitude and 

Amplitude if die heavenly Bodies 

782 IlecUfy Uic t>lohc (768) to the laUtude of the place, and bung the ^un*b 
pi ICC in Uic cclipLic to the meiidim, and set the index to XII , then turn the 
globe till the index points to the given houi , and in that position the globe le 
picsonts the piopei situation of all the heavenly bodies upon it, in icspect to 
the meiidian aud hoiizon Then fix Uie quadiant of altitude t(^ the zemth, aud 
direct its gi iduated edge to the place of the body, and it shoys tl^e altitude pf 
the body, and the degiee wlicio it cuts i^e hoiizon shoys ite opj^lilude If 
the body be the moon or a planet, after havmg found its place, puj, a vciy sp^ajl 
patch upon it to denote its place 
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Gi'oen as be/btc, lo set the Globe so that the Stars upon it may correspond to their 

Situations in the Heavens 

783 The globe being fixed as in the 1 ist Aiticle, lei the meiidian be set in 
the meiidian of the pi ice, with the noiLh pole to the north, then will ill the 
stais upon the globe coiiespond to then places m the heavens, so that an eye 
it the centei of the globe would lefei eveiy stu upon its suif ice to the place of 
the sill in the heavens By coinpaiing theiefoie the stais in the heavens with 
then places on the globe, you will veiy easily get acquainted with all the stais 


To Jind the I me xelien any of the heavenly Bodies rise, set, or come to the Me 
ridian also Ihcir Azimuth at rising or seltin^ 

784 Eveiy thing lemaming as in Art 782, tnin the globe till the given bo 
dy comes to the eastern pait of the hoii/on, and the index shows the tune ol 
its using , bung it to the mciidiin, and the index shows the time of its coming 
to the meiidian , lastly, bung the body to the western hoiizon, and the index 
shows the time of its setting When the body is in the hoiizon, the aic upon 
the hoiizon between it and the noith oi south will give its azimuth If you 
thus find the time of the sun’s using and setting, you get the length of the day 
If you turn the globe about its axis, all those stars which do not descend below 
the hoiizon in i levolution, ncvei set in tint place, and those which do not 
come above it, ncvei use 


lo eaplam, in general, the Alteration of the Length oj the Days, and 

Diferonce oJ the Seasons 

785 Put seveial patches upon the ecliptic fiom Aiies both ways to the two 
tiopics , and then the globe being lectificd to thelititudc ol the pliee, turn it 
about, and you will see, foi noith latitudes, tint is the pitches ippioich 
the tropic of Cancel, the coiiesponding diumil aicswill mcieisc, ind is the 
patches appioach the tiopic of Cipiicoin, the coiiesponding diuiiul ucs will 
decrease, also, the foimei aics ucgicatei th in a semicircle, and the 1 ittc i less, 
and the patch in the equatoi will desciibe a semiciiclc iboie the hou/on 
Theiefore when the sums in the equitoi, days and nights aie equ il , is he id 
vanccb towards the tiopic of Cancel, the diys incieisc ind the nights decicase, 
till he comes to tint tiopic, wheie the di}s aie longest ind the nights slim test , 
then ashe ippioaches the equatoi, the lengths of the cliys dimmish ind those of 
the nights incieasc,andwhenhe comes to the equatoi, theic will be igimcquil 
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(liys 'inil nighls Thon is lie advances tow irds the topic of Capncoin, the 
dus (Imunish lud the mghts mciease, until he comes to that topic, v,heie*e 
di^s uc sUoilcst mdlhe nights oie longest, and then as he appioache. the 
cmi viol , tilt- inciease and the nights deciease, and vhen he comes to the 
c cm xtoi , the Icngtli of the days and nights aie cqu ;l Whatei ei be the latitude 
ol the place, when the sun is m the equatoi the days and nights aie equal in 
leiiLth lorn mhabitaiiL at the pole, the sun wiU appeal to be half a yeai 
,bovc Uio hoMZon, ind hUf a yeai below To an inhabitant at the equator, 
the d lys ind nights will appeal to be always equal , oLo, ^1 tlie heavenly bo 
dies will bo found to be os long aho\e the hoiizon as below 
tilde, the longest day will be found 24 horns, and the longest night of fte same 

length, tliisappeus,byiectiiying the globe to Aat latitude, and putang the 
i,iUh, lusl It the tiopic of Cancel, and then of Capncoin Lastly, it will be 
louinl th It all places enjoy equally the sun in lespect to time, and aie equally 
dtpuved d It, die length of the days at one time of the yeai being exactly equd 
) lb iL ol the nighls at the opposite season This will appeal , by putting a pa 
fapou the cehptic at equil distances on each side of the equatoi 


Po And tlu: LatiUde and Longitude qf a given Star , aho, tlie Distance qf two 

786 Bung the so^tial coluie totEi-deiidion, and fix the quadiaut of dU 
1 Je ovci tl ® pole ofthc cebphe , then tmn the quadont over given ster, 
m Hhc uc contunedhetween the stoi and the echptic will be the 
m t. the cUpfc cut by U be the 

oi two «tv« mv be fomd, by hyiog Ac quudiaut of dtnude oyci both, aud 
eouiiUng the degiees bet^ecn 


To etphinke J hdnomna qf the Harvest Moon 

1! cctifv Ibe globe foW uoilbein 1 ibtude, for instauce, 4at of Lon 
, I J^af he mL a orbAnukaa but a anuJl angle with the ecbpUc, let us 
'J llirelptic to repieabt file moon’s orbit Now in Seplembei, when 
n™ e in lie begmii4 of J.ibia, the moon, at ita fiiU, » m the begin^g 
, ui V. tomean motifl of the moon in its oibit is about 13 in aday, 
of Aues , mil “ -„,tof lues, and anoUiei at flie dmtance of 13 bmm 
pul a p to thdioiizon, and then tmn the globe till the o4er 

It , bung ™ . I ^ of thsinden will show about 17 minutes, wbi* is 
comes to it, md tne mo nuccessive mghla at that time 

tlie dtffijence of lie tunes of naog on two successive mg 


\ 
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This small diffeiencc mses fiom the “^mall ingle which that point of the echp 
tic, 01 moon s oibit, makes with the honzon at its using If continue the 
patches aheveiy 13 till you come to Libia, you will find the difiFeicnce of the 
times of using will incicase up to tint point, and theic the diffeience will be 
found to be about 1// 17 , foi tins point of the ecliptic mikes the gicitesf 
angle with the hoiizon at its using IIcilcc, whenevei the moon comes to the 
fust point of Aues, thcie will be the least diffcience of the tunes of its iisun 
and this happens it the tunc of the M moon, when the full moon happens 
about Septembei 2l That point of the ecliptic which uses at the least ano-Io 
^ith Uie hoinon will appeal to set at the gicatest, and thpiefoic when theie 
IS the least difference In the times of using, tlieie will be the gicatest diffcieilct 
in the times of settihg, and the contiaiy 


Tojind Ihe Time of the Year >when a Star tises or sets Cosnucally and 

Achionic illy 

i 

788 Rectify the globe to the latitude of the pi ice, and bung the stai to thci 
hoiizon on the east side, and see what degice of the ecliptic cuts the 1 oiizonj 
and upon the houzon seek what day of the month that degue answers to, andf 
that IS the day when the stai rises cosnucally , bung the stai co the western hpu-i 
zon, and the degree of the ecliptic cut by the hoiizon, wiK give the day when 
it sets cosnucally Bung the stai to the eastern hoiizon md the degiee of the 
ecliptic which cuts the western hoiizon will give the chy when the stai uses 
achromcally, and if you bung the stai to the western noiizon, the degice of 
the ecliptic cut by the eastern hoii/oii shows the day wien the stai sets achro 
ntcally 


lo find the lime of the Year xihen a Star rise or sets Heliacally 

789 Having lectified the globe to the latitude <f the place, bung the stai 
to the eastern hoiizon, and apply the quadiant ofdtitude to the western side, 
so that it may cut the ecliptic 12 above the hoizon, then Will the opposite 
point of the ecliptic be 12 below the hoiizon, nd the day cou espoiiding to 
that point is the day when the stai uses Heliacal , bung the stai to the west 
ern hoiizon, and apply the quadiant of altihde to the eastern to cut the 
ecliptic 12° above the hOnzon, and the opposfe point will give the day vhen 
the §t1,r seta heliacally This is foi a star of tie fiist magnittide, which may be 
seen when the sun is about 12° below the hci^'dn , btit for one of the second, 
third, fouith, fifth, or sixth magnitude, the aim must be 13°, 14°, 15°, 16 or 
17° below the horizon 3 


